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The  bibliography  on  shaped  charges  comprises  an  earlier  bibliography  of  1008  references 
on  the  same  subject  issued  In  card  form  In  February  1951,  and  supplementary  references  compiled 
since  that  time.  It  has  been  prepared  at  the  request  of  the  Ballistic  Research  laboratories,  Aber¬ 
deen  Proving  Ground  and  the  Armament  Branch,  Office  of  Naval  Research,  as  a  taBk  under  Government 
Orders  NAonr  13-47  and  NAonr  185-54. 


Scope  •  - 

The  bibliography  contains  references,  "with  informative  abstracts,  to  all  pertinent  litara*- 
ture  found  in  books,  periodicals,  and  unclassified  and  classified  reports  cn  the  subject  of  shaped 
charges,  particularly  their  military  applications.  Detonation  phenomena,  explosives  for  military 
purposes,  and  high-speed  photography  have  also  been  included  when  related  to  shaped  charge  research 
and  development.  While  some  Aberdeen  Proving  Ground  firing  records  relating  to  shaped  charges 
have  been  included,  no  attempt  has  been  made  to  cover  all  of  them  in  this  compilation.  A  complete 
list  of  these  records  is  contained  in  Shaped  charges  and  related  subjects;  a  bibliography  of  Aberdeen 
Proving  Ground  firing  records.  (Secret),  by  K.  M.  Crawford,  [Oct.  1952].  In  general,  the  time 
period  covered  extends  from  1930  through  1953,  although  some  earlier  background  material  and  a 
few  1954  references  have  been  included.  .  . 

Sources  searched  ..•••  .*  -•  y  •  -  ■  . 


The  principal  sources  searched  for  published  literature  were: 

Applied  Mechanics  Reviews,  1948-1952  -•  •  - 

Engineering  Index,  1930-1951 

Industrial  Arts  Index,  1930-1948  -  -  :  : 

Library  of  Congress  catalogs,  1930-1953 
Royal  Engineers'  Journal,  1930-1947 

Some  of  the  above  sources  were  not  searched  for  supplementary  entries  because  of  a 
paucity  of  references. 

References  to  reports  were  found  by  searching  card  catalogs,  files,  indexes,  and 
inventories  of  the  following: 

Aberdeen  Proving  Ground 

Air  Materiel  Command,  Wright- Patterson  Air  Fcrce  Bass 

Army  Ordnance  -  :  '  ' 

Army  War  College 

British  Intelligence  Objectives  Subcommittee 
British  Joint  Services  Mission,  Washington,  D.  C. 

Bureau  cf  Aeronautics,  Navy  Dept. 

Bureau  of  Mines  •  ' 

Bureau  of  Ordnance,  Navy  Dept, 

Combined  Intelligence  Objectives  Subcommittee 
Engineer  Research  and  Development  Laboratories,  Fort  Belvolr 
Field  Information  Agency  Technical 
Joint  Intelligence  Objectives  Agency 

Library  of  Congress,  Technical  Information  Division.  Includes  the  Technical 
Information  pilot  (TIP)  collection  of  the  former  Navy  Research  Section, 
the  Astla  document  (AD)  collection,  and  the  Office  of  Scientific  Research 
and  Development  (OSRD)  collection. 
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Ministry  of  Supply  (Gt.  Brit.)  •=■  -j  r;:  •  ”  - 

National Archives  . 

National  Bureau  of  Standards 

National  Defense  Review  (Confidential),  7.  1  (l)-v.  4  (4)  -  i 

Naval  Ordnance  Laboratory  ’■ 

Naval  Research  Laboratory 
Office  of  Nava!  Intelligence 

Office  of  Technical  Services,  Department  of  Commerce 
Office  of  the  Chief  of  Ordnance,  Executive  Branch,  Technical  and  ."L"  > 

Foreign  Reports  (ORDTE-AB)  •  ’• 

Research  and  Development  Board  . 

Form  cf  entry  and  arrangement  :  " 


•:f*o 


The  form  cf  entry  for  published  literature  references  is  author,  title,  and  journal,  : 
giving  volume,  date,  and  pagination;  or  author,  title,  place  of  publication,  publisher,  year,  and  . 
pagination,  in  the  case  of  books  or  pamphlets.  For  report  references,  the  form  of  entry  Is,  In 
general,  that  used  in  Technical  Information  pilot;  that  is,  source  of  the  document,  contract  number, 
title,  author,  date,  pagination,  report  number,  and  accession  or  other  control  number.  Information 
on  translations  cf  foreign  documents  is  also  given  in  the  citation.  The  principal  accession  or  con-' 
trol  numbers,  which  indicate  the  location  of  the  report  in  loan  collections,  are: 


AD  Astia  document;  available  at  the  Astia  Document  Service  Center,  Dayton  2, 

Ohio,  or  Astia  Reference  Center,  Library  of  Congress,  Washington  25,  D.  C. 

OSRD  Office  of  Scientific  Research  and  Development  document;  available  at  the 
Technical  Information  Division,  Library  of  Congress.  ■  r  '•••> 

TIP  Technical  information  pilot;  available  at  the  Astia  Reference  Center, 

library  of  Congress.  ■  ’  '■  • " 

.  I--’-;'-:  'I'.:’)-.;,' 

The  entries  in  the  bibliography  are  arranged  in  a  single  alphabetical  listing  by  name  of  the  first 
author  for  published  literature,  or  by  name  of  the  source  (corporate  author)  for  reports.  Where 
there  is  more  than  one  entry  for  a  source  of  reports,  the  arrangement  Is  by  contract  number,  and  r; 
then  by  date.  Reports  v-hich  have  a  common  title,  however,  such  as  Fundamentals  of  shaped 
charges,  are  treated  a*  entities,  being  arranged  by  date  within  each  such  series.  Item  numbers  _ 
for  the  entries  have  been  prefixed  with  the  letter  "L"  (i.e. ,  LI68)  in  order  to  distinguish  them 
from  item  numbers  in  the  original  bibliography  and  other  current  listings. 


Abstracts  ;  -tr-r.  .s-y.-\.i'.  at..  • 

The  abstracts  are  of  the  Informative  type,  giving  a  concise  statement  of  the  work 
accomplished  and  the  results  obtained.  Test  data,  experimental  results,  and  operational  exper¬ 
ience  have  been  summarized ,  but  no  attempt  has  been  made  to  analyze  tho  data  critically.  In 
many  instances,  tabular  penetration  data  for  various  weapons  and  liners  have  been  included. 
Wheu  available,  target  characteristics,  including  material,  physical  properties,  and  thickness, 
have  also  been  given.  Unless  otherwise  indicated,  abstracts  have  been  made  from  the  original 
documents. 


PREFACE  {<xb±.$ 


Indexes 

A  detailed  subject  Index,  arranged  alphabetically,  has  been  provided.  In  preparing 
this  index,  an  attempt  has  been  made  to  indicate  the  significant  subject  matter  of  each  reference. 
Cross  references  to  synonymous  and  related  subjects  have  been  used  where  necessary. 

Ir.  addition,  an  author  index  has  been  included,  and  a  report  number  index  has  been  pro¬ 
vided  which  correlates  all  significant  Identification  numbers,  e.g.,  AC  {Advisory  Council  on  Scien¬ 
tific  Research  and  Development  (Gt-  Brit.));  HEC  (Halstead  Exploiting  Centre  (Gt.  Brit.));  OSRD;  etc. 

Additional  Sources 

Further  sources  of  shaped  charge  information  may  be  found  in: 

(1)  The  Ordnance  shaped  charge  research  report.  (Confidential),  formerly  known  as 
The  shaped  charge  journal  (Confidential),  published  by  the.Ballistlc  Research 
Laboratories,  Aberdeen  Proving  Ground.  This  periodical,  issued  on  a  quarterly 
basis  beginning  in  late  1S54,  serves  to  disseminate  new  information  in  the  field, 
some  of  which  is  of  a  preliminary  nature. 

(2)  Factors  Influencing  the  effectiveness  of  shaped  charges  when  used  against  military 
targets  (Secret),  published  by  Michigan  State  College  in  1954.  The  1047  abstracts 
issued  to  date  are  on  IBM  punch  cards  and  may  be  sorted  by  machine  methods.  A 
great  many  of  these  references  appeared  In  the  earlier  Library  of  Congress  bibli¬ 
ography  and  these,  as  well  as  most  of  the  others  listed,  have  been  Included  herein.' 


The  compilers  wish  to  acknowledge  the  valuable  assistance  of  Dr.  Louis  Zemow  and 
Mr.  J.  E.  Shaw  of  the  Ballistic  Research  Laboratories  in  initiating  and  guiding  the  present  work. 
Mr.  Charles  E.  Burns  of  the  Armament  Branch,  ONR,  and  Col.  C.  H.  M.  Roberts,  then  of  the 
Office  of  the  Chief  of  Ordnance,  are  to  be  thanked  lor  their  aid  in  technical  matters  and  for  th9lr 
support  of  the  original  work  which  was  issued  in  1951.  Acknowledgements  are  also  due  the  staffs  of 
the  libraries  listed  above  for  their  assistance  in  obtaining  material  for  the  bibliography,  to  fellow 
staff  members  of  the  Technical  Information  Division,  particularly  Mr.  Thomas  J.  Derby  for  assist¬ 
ance  in  indexing,  and  tc  the  staff  of  the  Publications  Section  for  aid  in  preparing  the  material  for 
publication. 
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AR0/AETD  Interdepartmental  Fhnel  on  SbHow  Charger 
Projectiles  (Gt.  Brit.). 

DAMAGE  EFFECT  BEHIND  PLATES  ATTACKED 
BY  HOLLOW  CHARGE  PROJECTILES.  Oct. 

1943,  27p.  lncl.  1Uus.(HCP  rept.  no.  13;  OSRD 
Liaison  Office  I-A-335;  Inclosure  I  to  MA 
London  rept.  no.  69B8B)  Secret 

Test  results  arc  listed  for  the  following  pro¬ 
jectiles:  2-in.  mortar  bomb,  no.  68  grenade, 

4-in.  HEAT,  3-ln.  OSP,  28-mm.  spigot  HEAT, 

10- in.  mortar  AT/HC,  PIAT,  93- mm.  and 
3.7-in.  howitzer  HE/AT/HC,  Burney  S.45-S3. 
HE/AT/HC,  3-in.  tank  howitzer  HE/AT/HC, 
American  shaped  charge  shells,  and  Gannas 
shaped  charge  shells. 


L2 

[AltO/ ADD  Interdepartmental  Panel  on  Hollow  Charge 
Projectiles  (Gt.  Brit.).] 

C  JRMAN  HOLLOW  CHARGE  BOMBS,  by 
A.  D.  Merrlman.  Jan.  4,-  1944,  2p.  (HCP 
rept.  no.  32;  OSRD  Liaison  Office  WA-254I-13) 

Secret 

The  general  arrangement  1?  shown  of  the  charge 
used  In  shaped  charge  bombs  SD250.  Unsatis¬ 
factory  performance  In  the  SD250  led  to  tho 
development  of  the  250SL.  Performance  testn 
showed  that  the  2 50SL  penetrated  35  cm.  of  armor. 
A  special  nose  fuze  containing  a  shaped  charge  is 
described  which  was  used  to  obtain  greater 
penetrating  power  ol  the  bomb  when  dropped  from 
low  altitudes. 
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ARD/ADD  Interdepartmental  Panel  on  Hollow  Charge 
Projectiles  (Gt.  Bril.). 

JOINT  REPORT  ON  RESEARCH  AND  DEVELOP¬ 
MENT  WORK  ON  HOLLOW  CHARGES.  Ort. 

1344,  89p.  lncl.  ilins.  tables,  dlagre.  (HCP 
rept.  no.  89;  ARD  Explosives  rept.  no.  690/44; 
ADD/IB  no.  1337/44,  OSRD  Liaison  Office 
WA-5051-3A  pad  WA-3651-4)  Secret 

Summaries  are  presented  on  methods  of  Investigat¬ 
ing  Munroe  jets,  effect  of  charge  characteristics 
on  jet  formation,  cutting  tube  and  similar  charges, 
the  hydrodynamic  theory  of  Jet  formation  and 
structure,  methods  of  Investigating  damage  in 
metal  and  special  targets,  theories  of  target  dam¬ 
age  in  steel  and  other  metals,  scaling  laws,  and 
miscellaneous  applications  ol  shaped  charge  ef¬ 
fects  (such  as  follow-through  projectiles).  A 
large  number  ol  British,  German,  Japanese, 
Italian,  and  American  shaped  charge  weapons  and 
demolition  charges  are  described.  These  are 
suiainarizcd  In  5  pages  of  tables.  A  bibliography 
of  120  references  (the  same  as  that  In  item 
no.  L172)  Is  listed. 


‘  '■  •  ••• 

Aberdeen  Proving  Gromrf?. 

TO  DEVELOP  A  SATISFACTORY  SHAPED 
CHARGE  FOR  CONCRETE  DEMOLITION,  by 
J.  W.  Cave,  A.  B.  Jenny,  and  C.  E.  Havrk. 

Dates  of  test:  Oct.  23,  1942-Mar.  1,  1943.  I4p. 
incL  tables,  dlagra.  (Firing  record,  no.  M.-207Q3) 

Confidential: 

Ml,  M1A1,  M2,  and  M1A2  charges  were  tested  ■ 
to  determine  their  effectiveness,  functioning,  and 
safety. 

R/V  -  ■  •• 

Aberdeen  Proving  Ground. 

TO  DEVELOP  A  SATISFACTORY  SHAPED 
CHARGE  FOR  CONCRETE  DEMOLITION,  by 
J.  N.  Weber  and  L.  A.  Watson.  Dates  of  teBt: 
Mar.  14-June  24,  1943.  Ip.  lllus.  tables,  diagro. 
(Firing  record  no.  M-27293)  Confidential 

Data  are  presented  for  charges  fired  against 
concrete  slabs  and  pillboxes.  No  conclusions  arc 
stated.  Charge  designs  are  diagramed  and  firing 
results  tabulated. 

2D 

.Aberdeen  Proving  Ground. 

DEVELOPMENT  OF  SHAPED  CHARGES,  Ly 
J.  W.  Cave  and  L.  O.  Oates.  Date  of  test: 

July  C,  1943.  2p.  lncl.  table.  (Firing  record 
no.  M-24417)  Confidential 

Ten  shaped  charges  -were  detonated  against  a  slab 
61  In.  thick  to  determine  the  effect  of  charge 
length  on  penetration.  The  charges  were  B  hi.  In 
diameter,  had  60“  steel  liners,  and  were  loaded 
with  50/50  pentolite.  Charge  lengths  were  8,  12, 
16,  20,  and  24  In.  The  charges  were  detonated  by 
means  of  electric  blasting  crips.  It  was  found  that 
an  increase  in  the  length  of  the  charge  did  nol 
Increase  the  penetration  depth. 

L7 

Aberdeen  Proving  Ground. 

DEVELOPMENT  OF  SHAPED  CHARGES,  by 
J.  V/.  Cave  and  L.  O.  Oates.  Date  of  test: 

July  23,  1943.  4p.  incl.  tables.  (Firing  record 
no.  M-24971)  Confidential 

Five  cylindrical  shaped  charges,  6  In.  In  diameter 
were  detonated  statically  against  concrete  slab, 

61  In.  thick,  to  determine  If  an  increase  in  chargo 
length  would  yield  an  Increase  in  the  size  oi  the 
penetration.  Three  5-lb.  linear  charges  were 
detonated  statically  against  steel. 

Lfl 

Aberdeen  Proving  Ground. 

DEVELOPMENT  OF  SHAPED  CHARGES,  by 
J.  W.  Cave  and  L.  O.  Oates.  Dates  of  test: 

July  28-30,  1.943.  7p.  incl.  tables.  (Firing  record 
no,  M-25118)  Confidential 
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SHAPES  GEAKH3 


Hie  Investigation  vrz n  midc  to  deterrata?  opttmBEi 
standoff  distance.  Sixty-six  cylindrical  chaped 
charges  wrc  detonaled  statically  against  concrete 
slabs.  A  charge  length,  of  2  diameters  yielded 
maximum  penetration  when  tested  at  1  dlnmetov 

standolf.  Charges  with  linear  angle  a  of  00  and 

standoffs  c£2.  diameters  yielded  the  deepest 
average  penetrations.  Penetration  increased 
stanloff  distance  from  0  to  2  diameters. 


Aberdeen  Proving  Ground.  .  n 

DEVELOPMENT  OF  SHAPED  CHARGES,  CJ7 
J  W  Cave  ami  L.  O.  Oates.  Dates  of  testr 
Aug.  5-7,  1543.  4p.  Incl.  tables.  (Eiring  recard 
so.  M-25J73)  Confidential 

Optimum  standoll  was  investigated.  Thirty-eight 
cylindrical  shaped  charges  (3  In.  In  diameter  and 
12,  In.  long)  ■cere  detonaled  statically  against  a 
60-in.  concrete  slab.  Charges  with  ilnor  anglca 
of  60°  yielded  the  deepest  average  penetrations. 
Penetration  depth  Increased  with  standolf  dlstanco 
from  0  to  2  diameters. 


Aberdeen  Proving  Ground. 

TO  DETERMINE  THE  EFFECT  OF  TORPEDO 
WARHEAD  SHAPED  CHARGES,  Mil  XHI  ON 
STEEL  PLATE,  by  J.  H.  Weber  and 
F  X  Hartman.  Dates  of  test:  3ept.  15,  18,  and 
17,  1913.  Ip.  Incl.  tableB.  (Filing  record  no. 
M-26337)  Confidential 

Three  MK  XHI  charges,  2  with  00*  metal  liners 
and  1  loaded  in  the  conventional  manner  with  no 
conical  liner,  were  tested  agai.ist  homogeneous 
steel  plates. 


Aberdeen  Pnmng  Ground. 

TO  DETERMINE  EFFECT  OF  CONE  WALL 
THICKNESS.  CONE  ANGLE,  AND  DIFFERENT 
TYPES  OF  EXPLOSIVE  FILLER  ON  RESULTS 
OBTAINED  WITH  SHAPED  CHARGE  ACTION 
AGAINST  CONCRETE,  by  J.  H.  Weber  and 
J.  Meszaros.  Dates  of  test:  Oct.  27-29,  IMS. 

2s>.  incl.  tabies.  (Firing  record  no.  M-27355) 

Conlldcnbal 


Aberdeen  Proving  Ground. 

COLD  WEATHER  TESTS  OF  SHAPED  CHARGE 
IN  HEAD  OF  2.30-IN.  ROCKET,  HEAT, 

M0A3C  AS  USED  FOR  MAKING  HOLES  IN 
FROZEN  GROUND  (1950-1951  WINTER  TRIALS), 
by  W.  D.  Woodford.  Jose  10,  1651,  Op-  illua* 
(Proj.  no.  TQ3-9100,  n*L  *>.  4}  TJPOnU^ 

Shaped  charges  in  heads  of  2.30-ln.  TodcetB  were 
detonated  at  8-in.  standoffs  over  varices  typen  oi 
Iroaen.  ground.  A.  1-in-  steel  ground  sbietd  pulo 
withai-te  or  3-in.  dtamrtcr  hole  war  wsedwitD 
about  halt  the  charges.  Some  of  the  holes  made 
were  enlar  ged  by  exlrudible  explosive  or  dynamite. 
Holes  about  30  tn.  deep  were  made  In  ground 
frozen  to  IE  in.  The  dep*h  of  per.etraUca  was  re¬ 
duced  In  certain  types  of  ground  containing  rock, 
gr  avel,  or  sand. 

Aberdeen  Prurir.g  Ground  boo  also 

Ballistic  Research  Laboratories  . 

Development  and  Proof  Services 

Foreign  Materiel  Branch 

Ordnance  Bomb  Disposal  School 

Ordnance  Research  and  Development  Center 

Ordnance  Research  Center 

The  Proving  Center 


Admiralty  Under  Works  (Gt.  Brit.).  _ 

REPORT  ON  TRIALS  WITH  SHAPED  CHAaGeS 
REPRESENTING  18-IN.  AND  21-IN.  TORPEDO 
WARHEADS  AGAINST  BULGE  MODEL.  Aug. 
1944,  0p.  Ulus,  tables,  dlagrs.  (Rept-  no. 
AUW/TRI.  1/HF.  15;  OSRD  liaison  Office 
WA-3454-1)  Confidential 

One-filth  scale  model  trials  were  made  to  compare 
the  relative  damaging  effc'ri  of  a  normal  charge 
and  a  shaped  charge  constructed  in  the  form  of 
a  torpedo  warhead.  It  was  concluded  uiat:_  (I)  a 
Hhaped  charge  warhead  Is  more  effective  than  a 
solid  charge  head;  (2)  the  10-in.  "Snapdragon"  bead 
will  defeat  a  bulge  structure  at  angles  of  attack  up 
to  45°  with  some  margin,  but  the  effectiveness 
falls  off  rapidly  aa  the  angle  of  obliquity  la  in¬ 
creased  above  45°;  and  (3 j  a  cutting  tubs  warhead 
behaved  In  all  respects  Uke  a  sclld  charge  and 
failed  to  penetrate  the  protective  bulkhead. 
Particulars  ol  each  trial  Lo  the  series  are  tabu¬ 
lated. 


Aberdeen  Proving  Ground. 

INVESTIGATION  OF  EFFECT  PRODUCED  BY 
CHANGING  CONE  ANGLE  AND  LINER  THICK¬ 
NESS  OF  8-IN.  CHARGES,  MANUFACTURED* 

BY  DU  PONT  COMPANY,  by  J.  W.  Cave  and 
J.  Meszaros.  Dates  of  test:  Nov.  17  and  18,  1M3. 
2o.  incL  tables.  (Firing  record  no.  M-27B17) 
r  Confidential 


Advisory  Council  on  Scimtiflc  Rase  arch  and 
Technical  Development  (GL  Brit.). 

REPORT  ON  THE  EFFECT  OF  TEE  SHAPE 
OF  A  CHARGE,  by  W.  Payroan.  Aug.  23,  1940, 
4p.  Ulus,  diagra.  (AC  313;  Phys/Ex.  48;  OSRD 
Liaison  Office  W-12-100)  Confidential 

A  translation  of  a  paper  by  E.  Neumann, 
"Neuartige  HohlkOrper  aus  Brlsanzstoffen” 
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(Novel  holloa  charges  from.  explosive  malar!  nln) , 
published  In  Zeltschrift  far  gesaxnto  ScMesn-  uc£ 
E^rengstofTwescr:,  v.  0,  May  15,  1914:  183-107, 
(Item  nc.  L1352)  Is  given.  An  extract  Irom  an 
article  by  Payman  and  Woodhead  published  In  the 
Proceedings  ol  the  Royal  Society  of  London, 
v.  163A,  Dec.  22,  1037:  575-602, lo  appended. 

L1G 

Advisory  Council  on  Scientific  Research  and 
Technical  Development  (Gt.  Brit.). 

EXTRACT  FROM  AN  ARTICLE  BY  MUNROE. 
Sept.  23,  1940,  2p.  Ulua.  (AC  349;  Phya/Ex.  55; 
CTSRD  Liaison  Office  T7- 12-113)  CmifKtotiKfh 

This  rppt.  fs  an  extract  from  an  artfcTc  ty 
C.  E.  wi^ch  appeared  In  Popular  Science 

Monthly,  Feb.  1000:  444-455  (Item  no. 

LI214). 


Advisory  Council  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

NOTE  cN  THE  MUNROE  EFFECT,  by 

A.  B.  Ubbelohde.  OcL  21,  1940,  2p.  (AC  405; 

Phys/Ex.  01;  OSRD  Liaison  Office  W-12-121) 

Secret 

It  la  suggested  that  the  following  factors  bp  Investi¬ 
gated:  (1)  distance  to  "pick  up"  of  complete 
detonation;  (2)  change  of  "aspect"  of  the  charge 
with  respect  to  the  action  point;  and  (3)  enhanced 
decay  ol  Intense  shock  oaves. 

LIB 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  (I  AND  B),  by  W.  Payman. 
Oct.  25,  1940,  13p.  incl.  Ulus,  dlagrs.  (AC  413; 
Phys/Ex.  63;  OSRD  Liaison  Office  W-12-123) 

Confidential 

An  investigation  was  carried  out  to  determine  the 
effect' on  penetration  of  shaping  a  charge.  However, 
the  term  "shaped  charge"  refers  to  the  geometri¬ 
cal  form  of  the  entire  explosive  charge.  No  sug¬ 
gestion  Is  made  that  Ihe  charge  contained  a  cavity. 
A  brief  mention  Is  made  of  the  Munroe  effect. 

HO 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  HI.  Feb.  7,  1941,  Ep. 

(AC  607;  Fhys/Ex.  04;  OSRD  Llalaon  Office 
W-12-143)  Confidential 

An  Investigation  was  carried  out  to  determine  the 
effect  on  penetration  of  shaping  a  charge.  However, 
the  term  "shaped  charge"  refers  to  the  geometrical 
•form  of  the  entire  explosive  charge.  No  suggestion 
Is  made  that  the  charge  contained  a  cavity.  A 
brief  mention  is  made  of  the  Munroe  effect. 
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Advisory  Comicfl  on  Scientific  RPsssrefi  andlterizdcel 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  IV,  by  W.  Payman.  Bejri.  IS, 
1B41,  3p.  (AC  1109;  Phys/Ea.  154;  G3RD  Unison 
Office  WA-02-10  and  VfA-V-Z?)  Confidential 

The  effect  of  different  explosive o  on  targeto  o2 
varying  thicknesses  was  reported.  However,  tba 
term  "shaped. charge"  refers  to  the  geometrical 
Term  of  the  entire  cxplosivr  charge.  No  suggestion 
is  made  that  the  charge  contained  a  cavity. 


L21 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  BriL). 

SHAPED  CHARGES  V,  by  W.  Payman.  Hay  23, 
1041.  2p.  (AC  871;  Phys/Ex.  117;  OSRD  Liaison 
Ollice  WA-2-0  and  W-  40-21)  Confidential 

A  summary  of  general  conclusions  drawn  lrom  ex¬ 
perimental  work  on  Ehipcd  charges  conducted  allho 
Safety  In  Mines  Research  Station,  Bunion  >GL 
Brit.)  Id  given. 


L22 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  VI.  THE  EFFECT  OF  HE 
ON  STEEL  PLATES,  by  R.  Jeffrey.  Aug.  13, 
1941,  3p.  (AC  1097;  Phys/Ex.  137;  OSRD  Liaison 
Office  W-4C-13,  W-50-46,  and  W-49-31) 

Confidential 

The  Influence  of  variations  In  the  physical  and 
chemical  characteristics  ol  the  steel  platen  used 
as  targets  mads  necessary  the  Instituting  of  con¬ 
trol  by  meana  of  a  microscopic  metallurgical 
examination  of  these  plates.  A  dlscusp'on  of  such 
an  examination  Is  reported  and  photographs  arc 
included. 


L23 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brlt.l. 

SHAPED  CHARGES  VH.  SPEED  OF  PROJECTION 
OF  METAL  PLUGS  FROM  STEEL  PLATES 
PERFORATED  BY  CONED  CHARGES,  by 
H.  Titman.  Aug.  20,  1241,  lp.  (AC  1129; 
Phys/Ex.  143;  OSRD  Liaison  Ollice  W-49-15) 

Confidential 

Results  of  photographic  determinations  of  the 
velocity  of  projection  of  the  metal  plug  and  thn 
velocity  cl  the  shock  wave  are  tabulated. 
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Advisory  Council  on  Scientific  Research  and  TechrriccJ 
Development  (Gfc.  BriL). 

SHAPED  CHARGES  VHT.  EKPEHKJEITrS  *5® 
ELUCIDATE  THE  EFFECT  OF  SPECIALLY 
SHAPED  CHARGES,  by  D.  W.  Woodhead  end 
H.  Titman.  Aug. -21,  1941,  4p.  incl.  illuo. 

(AC  1130;  Phys/Ex.  144;  OSRD  Liaison  OUice 
W'49-W>  Confidential 

Investigations  were  made  of  setting-up  detonations, 
and  the  flame  projected  by  the  explosive. 

L25 

Advisory  Council  on  Scientific  Research  an&TKifcrteai 
Development  (Gt.  Bril.). 

A  MOTE  OK  THE  AXIAL  EFFECTS  PRODUCED 
BY  HE  "CAVITY  PELLETS  [SHAPED 
CHARGES],  by  R.  Mines.  May  29,  1941,  4p. 
ilius.  diagrs.  (AC  964;  Phys/Ex.  119;  03RD 
Liaison  Office  WA-2-9  and  W-40-20)  Confidential 


We  detormlfirc  used  fn  thest  experiments  were 
no.  B  ASA  and  no.  8  Erlska;  the  shape  of  the  basa 
aid  the  density  of  the  explosive  filllug  were  oaxisl_ 
Kosnlts  at  these  experiments  are  precuntcS 
graphically  lo  show  depth  and  volume  of  penetrstfon 
In  relationship  to  standoff. 


Advlroj-y  Council  on  Sfctemlfic  Research  and  Technical 
Development  (Gt.  Brit.}. 

EXPERIMENTS  AND  OBSERVATIONS  ON  THE 
MUNROE  EFFECT,  by  Lord  Cherwell  and 
J.  L.  Tuck.  Sept.  24,  1941,  Cp.  (AC  1221; 
Phys/Ex.  158;  OSRD  Liaison  Office  WA-GG-42) 

Experiments  on  charger,  with  various  linero  and 
standoffs  are  reported.  Conclusions  are  given 
concerning  the  jet  and  penetration. 


A  gen  metrical  analysis  at  the  explosive  effects 
observed  along  the  axis  of  the  explosive  Is 
presented.  The  analysis  was  based  on  the  fol¬ 
lowing  assumptions:  (1)  the  affect  of  the  explosive 
is  due  to  the  projection  normal  to  the  surface  of 
particles  of  constant  surface  density  and  velocity; 
and  (2)  where  the  radial  momenta  are  mutually 
destructive,  the  associated  energy  appears  an 
heat.  An  appendix  containing  a  translation  of  a 
paper  on  the  "Behavior  of  a  Cavity  Pellet"  by 
D.  Lodatl  which  appeared  in  the  Giornale  do 
Chimica  Industriale  ed  Appltcata,  v.  14,  Mar. 
1932:  .30-132, is  included.  (See  also  item  nos, 
L676  and  1.1149.)  “ - 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Bril.). 

THE  EROSION  OF  AfETAL  BY  GAS  JETS  FROM 
EXPLOSIVES,  by  G,  I.  Taylor  and  J.  E.  Leonard— 
Jones.  Oct.  25,  1941,  3p.  (AC  1309; 

Phys/Ex.  1  GO;  OSRD  liaison  Office  W-53-11) 

ConHiIemlal 

The  theory  that  metal  under  a  shaped  charge  lo 
swept  away  by  a  hot  jet  and  that  this  Is  tho  mala 
cause  of  the  penetration  of  steel  plates  by  such 
charges  was  discussed.  Calculations  were  made 
of  the  rale  at  which  metal  might  be  s'^ept  away. 
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Advisory  Council  rn  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

DEMONSTRATION  OF  VARIOUS  SHAPES  OF 
PLASTIC  EXPLOSIVES  [ON]  22ND  JULY  1941 
by  A.  B.  Connelly.  Aug.  8,  1941,  2p.  diagr  ’ 
(AC  1066;  Phys/Ex.  132;  OSRD  Liaison  Office 
W-49-19,  W-50-59,  and  W-49-2Q)  Confidential 

The  following  shapes  oi  molded  plastic  explosive 
were  tested  to  compare  their  efficiency  against 
concrete  targets:  (1)  cylinder  with  hollow  cone 
base;  (2)  hollow  hemisphere;  and  (3)  solid  cylinder. 
A  discussion  and  diagrams  of  the  test  results  are 
presented. 


127 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

A  NOTE  ON  THE  EFFECTS  PRODUCED  ON  THE 
AXIS  OF  DETONATORS  NO.  8  AND  OF  PI  ASTIC 
EXPLOSIVE  CHARGES  WITH  FLAT  AND 
RECESSED  BASES,  by  W.  M.  Evans.  Aug.  20, 
1941,  2p.  diagrs.  (AC  1127;  Phys/Ex.  142; 

OSRD  Liaison  Office  W-49-17)  Secre* 

SECRET 


Advisory  Council  on  Sc', entitle  Research  and  Technical 
Development  (Gt.  Brit.). 

"CAVITY  EFFECT"  OF  EXPLOSIVES.  A  SUM¬ 
MARY  OF  ITS  HISTORY  AND  SERVICE  USES. 
Oct.  27,  1941,  12p.  (AC  1312;  Phys/Ex.  167- 
OSRD  Liaison  OUice  W-56-12)  Confidential 


A  historical  summary  is  presented;  discussions 
are  Included  on  the  application  of  the  cavity  effect 
to  the  Design  of  service  munitions,  and  the  use  cd 
shaped  charges  In  mining  operations.  Thirteen 
references  published  from  1811  to  1937  are  listed. 

L31 


.  -v-mhuiv  iwouaiun »uiu  jiecnnicai 

Development  (Gt.  Brit.). 

™E^ECHANISM  0F  DAMAGE  IN  THE  MUNROE 
EFFECT,  by  W.  M.  E^ans  and  A.  R.  Ubbolphde. 
Nov.  24,  1941.  lOp.  incl.  tables.  (AC  1416- 
Phys/Ex.  191;  OSRD  Liaison  Cliice  W-125-69) 

Confidential 


Experiments  are  described  which  show  that 
normally  any  loss  of  weight  In  steel  targets  due  to 
some  mechanism  of  erosion  Is  practically 
negligible.  The  experiments  include  weight  and 
volume  changes  accompanying  target  damage. 
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erosion  with  At  and  Cd  targets,  detnxstco  td  a- 
target  with  detonators  as  charges,  and  damage  Irosa 
charges  with  heavier  lateral  confinement  /. 
discussion  is  appended  oa  the  metallagraphlc 
sszminatJoB  of  steel  target  Dhrti 


Advieorg  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Bril.). 

[EXPL05P/E3  RESEARCH  COMMITTEE  (PftVMCD 
AND  PHYSICAL  CHEMISTRY);  MEETING  HELD 
DEC.  1ST,  1941).  Kept.  no.  *9.  Dec.  15,  1941. 

2p.  {AC  1499;  Phys/Ex.  201)  Secret 

Various  explanations  are  mentioned  for  the 
mechanism  of  erosion.  Results  from  expert mento 
in  which  sleel  block  targets  were  weighed,  before 
and  after  firing,  showed  that  there  was  practically 
no  loss  in  weight;  however,  the  metal  was 
distorted,  showing  plastic  deformation  In  a  radial 
direction  from  the  crater.  'The  experiments  i 
also  showed  that  an  Fe  liner  produced  a  broad 
era*  er  ot  a  certain  depth,  while  a  Cd.  liner  pro¬ 
duced  a  narrow  bat  much  deeper  crater;  fir 
neither  case  was  there  loss  of  weight  or  of 
volume  of  the  target.  Additional  tests  showed 
that  deeper  penetration  was  obtained  when  the 
liner  material  was  of  low  boiling  point.  Photo¬ 
graphic  evidence  supported  the  views  that  Fc 
bombarded  as  solid  or  serai-molten  particles, 
while  Cd  bombarded  a3  a  vapor  Jet. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

EXPLOSIVES  RESEARCH  COMMITTEE  (PHY3IC8 
AND  PHYSICAL  CHEMISTRY);  MEETING  HELD 
IN  LONDON  ON  WEDNESDAY  MAR.  4TK,  1942. 
Rept.  no.  21.  Mar.  13,  1942,  2p.  (AC  1815; 
Fhys/Ex.  237)  Secret 

It  was  reported  that  the  usual  effect  from  a  shaped 
charge  was  reduced  greatly  when  It  was  im¬ 
mersed  in  water.  By  using  an  air  space  at  the 
base  long  enough  to  allow  convergence  of  the  jet 
before  it  strikes  the  water,  a  plate  immersed  some 
distance  away  couid  easily  be  penetrated  and 
considerable  damage  caused  on  the  far  side.  Ease 
of  penetration  and  amount  of  damage  also  depended 
on  the  length  of  air  column  and  on  the  depth  of 
water  to  be  traversed. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

EXPLOSIVES  RESEARCH  COMMITTEE  (PHYSICS 
AND  PHYSICAL  CHEMISTRY);  MEETING  HELD 
ON  WEDNESDAY,  DEC.  16TH,  1942.  Rept. 
no.  28.  Dec.  30,  1942,  3p.  (AC  3283; 

Phys/Ex.  370)  Secret 

Work  on  the  cflect  of  shaped  charges  with  steel 
liners  against  massive  steel  targets  was  reported. 
It  was  noted  that:  there  was  a  loss  in  penetration 


as  the  air  gap  in  the  tariff  Increased;  tbs  canirro 
Jaw  for  the  angle  of  attack  was  followed;  the 
penetration  In  armor  plate  was  D.  8  times  that  ia 
laud  steel;  and  hemispherical  liners  gave  the-  hri 
penetration.  A.  metallurgical  era  miration  made*  a? 
a  5-tn.  mild  steel  plate  perforated  by  a  shaped 
charge  was  also  reported.  Melting  was  observed  ca 
the  surface  of  the  hole  and  heating  had  penetrated 
beyond  the  surface;  the  metal  was  displaced  aul 
coId-Worked  and  its  method  of  hardening  was 
considered  hr  be  connected  with  vibrations  along 
the  plate.  Nitride  was  observed  near  the  hols. 


Advisory  CounrL’  mrStTentffTc-ITssenrcfrarafTdcfijrfesI 
Development  (tv  Brit.). 

INFLUENCE  OF  3HAPE  IN  EXPLOSIVE 
CHARGES.  THE  MUNROE- EFFECT  SITUATION, 
JAN.  1942.  Jan.  8,  1942,  -ip.  (AC  1580; 

Phys/Ex.  214;  OSRD  liaison  Office  WA-87-12) 

Conlldestial 

General  discussions  at  the  meeting  of  the 
Explosives  Research  Committee  Included  focualng, 
erosive  effect,  and  the  Influence  of  liners  on 
penetration. 


Advisory  Cot  '.a  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

THE  MECHANISM  OF  JET  FORMATION  IN  THE 
MUNROE  EFFECT,  by  W.  M.  Evans  and 
A.  R.  Ubbelohde.  Jan.  12,  1942  ,  22p.  ind.  lllus. 
tables,  diagrs.  (AC  1591;  Phys/Er.  210;  OSRD 
Liaison  Office  WA-87-13)  Confidential 

Measurements  were  recorded  on  damage  from 
shaped  charges  lined  with  various  metals  over  a 
range  of  thicknesses.  Characteristic  differences 
wore  observed  between  fragment  jets  from  high 
boiling  metals  such  as  Fe,  and  fluid  Jets  from  loo 
boiling  metals  such  as  Cd,  Zn,  Sn,  Fb,  rad 
alloys.  A  new  penetration  law  was  observed  far 
fluid  jets  (mild  steel  targets),  whereas  the 
penetration  law  previously  formulated  from  frag¬ 
ment  gun  data  seemed  to  apply  to  fragment  Jeto. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

ON  THE  SUBMARINE  USE  OF  THE  MUNROE 
EFFECT,  by  W.  M.  Evans  and  A.  R.  Ubbelohde. 
Feb.  21,  1942,  4p.  Inc),  diagrs.  (AC  1733; 
Phys/Ex.  229;  OSRD  Liaison  Office  W-15B-19) 

Confidential 

A  method  Is  described  for  Increasing  the  Munroe 
effect  under  water  by  maintaining  an  air  gap 
between  the  base  of  the  liner  and  the  water, 
allowing  the  convergence  of  the  jet  to  take  place 
in  air. 
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Advisory  Council  on  ScientifteFesearcSiandTeehnteal 

D&velcpment  (Gt.  Etrtt.l.  _  _ ___ 

SUPPLEMENTARY  EJCPEHn'.TENTS'  CUT  luOKif&Li 
JETS  IN  AIR,  by  W.  M.  Evans  and  A.  R- 
Ubbelohde.  Feb.  25,  1942,  7p.  incl.  tableo. 

(AC  1749;  Phys/Ex.  234;  OSRD  Liaison  Oiiice 
W-15B-2G)  Confidential 

Brief  descriptions  of  the  following  investigations 
on  Munroe  Jets  in  air  are  reported;  residual  damage 
on  the  far  side  of  armor  plate,  pin  effects  with 
Munroe  jets,  explosive  fillings  other  than  PE,  use 
of  alloy  liners,  experiments  wit!:  liners  made  of  ,F«s 
filingn  bonded  Into  aplastic  mass,  the  effect  of 
confinement  lateral  to  the  let*  and  Jet  penetration 
into  telephone  directories. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.}. 

VELOCITIES.  QF  JETS  FROM.  EOLLQWEIh 
CHARGES,  by  P.  Bessect  and  W.  Ml  EVans. 

Feb.  2e,  1942,  4p.  diagrs.  ;AC  1755;Phys/Ex.  235; 
OSRD  Liaison  Office  W-1B7-2)  Confidential 

A  study  was  made  of  the  velocities  of  jets  from 
low  ana  high  melting  point  materials  si  various 
distances  from  the  base  of  the  charge. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

PENETRATION  OF  FLUIDS  BY  MUNROE  JETS, 
by  W.  M.  Evans  and  A.  R.  Ubbelohde.  Mar.  31, 
1942,  4p.  incl.  diaar.  (AC  1911;  Phys/Ex.  245; 
OSRD  Liaison  Office  W-252-53)  Confidential 

Experiments  were  carried  out  on  an  underwater 
target  in  order  to  compare  the  damage  produced 
by  shaped  charges  lined  with  low-raelting,  low- 
bolltng  meLals  with  that  reported  by  other  workers. 
Experiments  with  targets  of  water,  beeswax,  and 
sand  gave  preliminary  information  on  the  apparent 
stopping  power  of  various  materials. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  3rit.). 

THE  DISPERSION  OF  MUNROE  JETS  OF 
METALS  OF  LOW  MELTING  POINT  IN  WATER, 
by  G.  1.  Taylor.  Apr.  4,  1942,  3p.  (AC  1920; 
Phys/Ex.  247;  CSP-D  Uaison  Office  W-  212-14) 

Confidential 

Mention  Is  made  of  the  studies  of  Oehler  con¬ 
cerning  the  manner  in  which  a  high  speed  water 
'  jet  disintegrates  when  projected  in  air,  and  of 
Kuthe  on  the.  way  a.  liquid  jet  disintegrates  when 
projected  into  a  large  volume  of  the  same  liquid. 

A  theoretical  study  was  made  of  the  eifect  which 
variation  in  the  ratio  of  density  of  the  jet  to  density 

SECRET 


of  the  iurroend  tng'ftuid  might  be  expected  txs  bezvr 
on  the  distance  to  which  the  jet  will  pen  strata, 
oefore  disintegrating. 


Advisory  Council  on  Scientific  research  and  Technical 
Development  (Gi.  Brit.). 

THE  USE  OF  SHAPED  CHARGES  AGAINST 
COMPOSITE  TARGETS.  May  2,  1942,  Ip.  infiL. 
diagr.  (AC  2020;  SC. 4.1;  OSRD  Liaison  Office 

H-5-7522)  ConlMentinl 

Shaped  charges  with  80°  liners,  deeply  dished 
disc,  shallow  disc,  disc  and  ring,  and  plastic 
charges  ware  tested,  against  composite  targelD 
consisting- of  a  series  of  steel  plates  uTvarytny 
thicknesses.  The  performance  of  shaped  charges 
used  as  a  means  of  projecting  a  mass  of  steel 
conformed  to  a  linear  scale  rule,  l.c. ,  tho  pres¬ 
sures  remained  constant  regardless  of  the  scale. 

A  shaped  charge  with  an  80°  liner  and  with  tho  HE 
placed  behind  the  metal  liner  gave  best  results. 
When  performance  factors  were  Investigated,  14 
was  roted  that  the  Jet  velocity  attained  15,0017 

'  It. /sec.  The  penetration  was  greatly  reduced  when 

the  target  was  nearer  titan  1  diameter  to  the  finer 
base.  The  deeply  dished  disc  change  liner  was 
not  fragmented.  It  was  found  that  when  this  charge 
was  fired  against  the  composite  target,  the  slug 
penetrated  successive  plates  on  a  diameter  of 
about  D.  5  that  of  the  original.  After  successive 
penetrations,  the  target  broke  up  into  several 
pieces.  There  was  a  critical  liner  thickness 
which  gave  optimum  results;  when  the  thickness 
was  too  great,  the  slug  was  net  sufficiently  col¬ 
lapsed  and  too  little  thickness  produced  over- 
fragmentation.  A  thickness  of  about  1/13  the 
diameter  appeared  correct.  With  plain  disc 
charges,  it  was  found  that  a  slight  dishing  of  ths 
disc  of  about  1/12  the  diameter  reduced  the 
amount  of  break-up.  When  the  amount  ol  ex¬ 
plosive  was  increased,  the  plain  disc  did  not  hold 
together.  By  using  a  ring  equal  in  weight  to  the 
weight  of  tho  disc,  it  was  possible  to  use  twice  ao 
much  explosive  as  with  the  plain  disc,  and  con¬ 
sequently  to  give  it  high  velocities.  The  disc-ring 
combination  gave  a  performance  approximately 
equal  to  <t  plain  disc  charge  ot  30%  greater  diam¬ 
eter.  The  plastic  charge  did  not  have  the  ad¬ 
vantage  of  dishing;  there  was  a  tendency  for  tho 
firet  plate  to  fragment  and  disperse,  thus  re¬ 
ducing  its  capacity  to  penetrate  successive  plates. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

CONTROLLED  AND  DIRECTIONAL  FRAGMEN¬ 
TATION.  I.  PRELIMINARY  REPORT,  by 
H.  Titman.  July  7,  1042,  Bp.  inch  Ulus,  diagrs.' 
(AC  2362;  SC4. 13;  SD/FP.  IB;  OSRD  Liaison 
Office  WA-188-15)  Confidential 

A  method  for  the  controlled  fragmentation  oi  a 
disc  of  steel  and  the  projection  of  the  fragments 
In  a  liner  of  small  angle  are  described.  Topics 


I 


discussed  include  an.  experimental  bomb,  teredo 
and  means  of  collection,  natural  fragmentation, 
controlled  projection  of  a  single  disc,  and  large 
and  Bmall  fragments  induced  by  the  use  of  & 
grooved  eSar^e. 
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SHAPED  CHARGES  FOR  THE  DEMOLITION  OF 
CONCRETE  STRUCTURES.  (SUMMARIES  OF 
RRL  REPORTS  NOS.  MOS/112/FNS  AND 
MOS/113/FNS:  FIRST  INTERIM  REPORT  ON 
THE  DEMOLITION  OF  CONCRETE  BRIDGES; 
MODEL  TESTS  ON  THE  DEMOLITION  OF 
ANTITANK  OBSTACLES.)  July  7,  1942,  2p. 
fAC  2318;  Pfrysv'Ete  290;  DSHD  Cfcrtcorr  Or  tea- 
WA-lB3-32i  .  CdnlidenUaL 

A  shaped  charge  was  u^veloped  to  cut  a  slot  In 
reinforced  concrete  surfaces  to  destroy  the 
continuity  of  the  steel  reinforcement.  Test  results 
are  summarised.  Full-scale  tests  which  should  be 
m^Hn-  nn  reinforced  concrete  antitank.  ohstoclflS 
are  outlined. 

L45 

Advisory  Council  on  Scientific  Research  and  Teclmical 
Development  (Gt.  Brit.). 

NOTE  ON  ACOUSTIC  EFFECTS  IN  FRAGMEN¬ 
TATION,  by  A.  R.  Ubbelohde.  July  15,  1942,  2p. 
(\C  2347;  SC4. 12;  OSRD  Liaison  Office  H-5-210B) 

Secret 

It  is  pointed  out  that  the  efficiency  of  jet  formation 
by  the  liners  of  Munroe  charges  depends  on 
Intimate  contact  between  the  explosive  and  tho 
metal.  This  suggests  that  Initial  fragmentation, 
or  the  absence  of  It,  may  In  part  depend  on 
acoustic  effects  in  the  metal  set  up  aB  the  result 
of  the  detonation  wave. 
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THE  COMPARATIVE  PROPERTIES  OF  MUNROE 
JETS  FORMED  BY  VARIOUS  LINED  HOLLOW 
CHARGES,  by  W.  M.  Evans  and  A.  R.  Ubbelohde. 
Aug.  4,  1942,  13p.  Ulus,  dlagrs.  (AC  2401; 
Phys/Ex.  303;  SC4, 23;  OSRD  Liaison  Office 
WA-550-20B)  Confidential 

Jets  were  compared  for  Cd  and  steel  liners  of 
spherical  contour,  from  shaUow  dishes  to 
he~..:pheres,  perfect  and  truncated.  A  range  of 
thicknesses  was  Investigated  for  each  shape  to 
determine  the  optimum  value. 
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FIRST  AND  SECOND  INTERIM  REPORTS  ON 
THE  HOLLOW  CHARGE.  Aug.  6',  1942,  4p. 
lllus.  diagrs.  (AG  2438;  Phys/Ex.  304;  OSRD 
Liaison  Office  WA-260-45)  Confidential 


Tests  cere  made  to  determine  the  effect  on  O 

maximum  penetration  of  6tandaff,  eorplosivc?  &H1e£- 
polnt  of  initiation,  liner  thickness,  and  brace- 
liners. 
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AdvlsoryCouncIl  on  ScientlflcResearch  andTechnical 
Dcvciocment  (Gt.  Brit.). 

SUGGESTIONS  FOR  IMPROVEMENT  OF  CG 
BOMBS  OF  THE  DISC  TYPE,  by  M.  J.  Poo’c. 

Sept.  2.  1942,  2p.  diagr.  (AC  2644;  SC4. 24; 

SD.  126;  OSRD  Liaison  Office  IVA-340-24) 

Confidential 

O 

Cbmpcsire  charges  were  used  In  -which  explosives 
of  high  and  low  velocities  of  detonation  were 
arranged  in  contact  and  the  geometry  required  t> 
discesst  1  with  a  view  to  providing  a  bomb  in 
which  the  disc  may  be  molded  Into  a  compact  high 
velocity  projectile. 

O 
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EXPERIMENTAL  WORK  ON  THE  MUNROE 
EFFECT  AND  ITS  BEARING  ON  PRACTICE,  by 
R.  Robertson.  Sept.  22,  1942,  3p.  (AC  2734; 

Phvs  'Ex.  318;  OSRD  Liaison  Office  WA-279-5) 

Confidential 

Brief  general  remarks  are  reported  cm  British 
Investigation  of:  attack  on  steel,  crater  formed  by 
deformation  of  steel,  effect  of  various  liner 
materials,  formation  of  Munroe  jets  and  laws  of 
their  penetration  into  steel,  standoff,  underwater 
attack,  and  attack  on  concrete. 
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SOME  NOTES  ON  THE  THEORY  OF  LINED  © 

HOLLOW  CHARGES,  by  3.  E.  Lennard-Jones 
and  A.  F.  Devonshire.  Oct.  27,  1942,  lOp.  tncl. 
dlagrs.  (AC  2934;  PhyH/Ex-  328;  OSRD  Liaison 
Office  WA-35B-8  and  W-329-34)  Confidential 

This  note  considers  possible  processes  by  which 
a  metal  liner  may  be  melted,  and  attempts  to 
determine  the  properties  of  explosive  and  liner  q 

which  may  be  important  in  determining  the  effect. 

The  time  Interval  Involved  In  melting  is  of  the 

order  of  10‘5  sec.  which  limits  the  possible  ;■  \ 

melting  methods.  Three  possible  methods  are 

discussed:  (1)  erosion  of  the  fragments  by  the 

hot  gases;  (2)  collision  of  lie  fragments  in  the 

center  of  the  jet  with  consequent  transformation 

ol  kinetic  energy  Into  heat;  and  (3)  heating  of  the  q 

fragments  by  tho  passage  of  shock  waves  through 

them. 

secr;>- 
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Developrnerri  (Cl.  Brit.}. 

DEMOLITION  OF  GEHKA13  SD  BCMBR  B3. 

MEANS  OF  HOLLOW  CHAHGES,  by 

/_  D.  Merrlman  and  R.  Hurst.  Nov.  IB,  19-42, 

3p.  (AC  3058;  BMB.  213;  OSRD  Liaison  Office 
WA-304-22)  Confidential 

Tests  results  showed  that  for  demolition  ol  tho 
SD  500  bomb,  a  12-os.  charge  with  90'  lfc-er 
would  give  complete  detonation  if  placed  along  tho 
bomb  axis  and  directed  through  the  base  plato. 
Partial  detonation  was  achieved  when  the  fuze 
pocket  wao  clear,  or  when  the  shaped  charge  wan 
directed  through  ths  bomb  wall  at  any  point  in  fin 
GtsiSi 
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Advisory  Council  on  Scientific  Research  andTechnlcal 
Development  (Gt.  Brit.). 

SOME  EXPERIMENTS  ON  THE  PROPAGATION 
OF  DETONATIONS  ACROSS  GAPS,  hyJ.  Taylor 
and  X.  K.  L.  Thomas.  Nov.  iC.  1942,  T?.  dlaga. 
(AC  3086;  Phys/Ex.  345;  SC4.30;  OSRD  Liaison 
Office  WA-592-10)  Confidential 

Tests  showed  that  a  convex- ended  primer  gave  a 
much  lower  gap  Eenflitivily  than  a  plane-ended 
primer.  Curves  are  drawn  that  show  the 
momentum  communicated  at  various  dlstancea 
from  the  ends  of  exploding  cartridges  ol  varloua 
shapes. 


Advisory  Council  on  Scientific  ResearchandTechnlcal 
Development  (Gt.  Brit.). 

SOME  FURTHER  NOTES  ON  THE  THEORY  OF 
LINED  HOLLOW  CHARGES,  by  A  F.  Devonshire. 
Dec.  10,  1942,  3p.  dlagr.  (AC  3187; 

Phys/Ex.  348;  OSRD  Liaison  Office  WA-3B4-19) 

Confidential 

The  effect  of  the  Initial  size  of  the  fragments  on 
the  melting  rate  is  considered,  and  also  the  effect 
of  having  a  distribution  of  particles  of  different 
sizes.  Tests  showed  that  Cd  fragments  would 
melt  to  a  very  large  extent  while  travelling  over 
a  short  distance  (67%  after  10' 5  sec. ,  nnd  80% 
after  2  x  10”^  sec.),  while  steel  fragments  would 
be  melted  slightly  (13%  after  ID'5  sec. ,  and  19% 
after  2  x  10' “sec.). 
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A  NOTE  ON  THE  THEORY  OF  THE  MUNROE 
EFFECT,  by  1".  L.  Tuck.  Feb.  27,  1943,  lOp. 
(AC  £596;  Phya/Ex.  393;  SC.  3;  OSRD  Liaison 
Office  WA-C3B-24)  Confidential 

A  theory  of  the  Munroe  effect  based  on  a  hydro- 
dynamic  mechanism  Is  proposed  in  which  the  Jet 


is  generated  by  the  convergence  of  a  fluid  shell. 
Liner  and  Jet  velocities  are  considered.  Tto 
ini luer.ee  ol  the  proposed  mechanism  on  design 
exd  possible  improvements  In  performance  arc 
discussed.  The  sensitivity  of  the  Jet  to  asymmetry 
is  acted.  Road  Research  Laboratory  Rote  cs. 
MD/14/DIM  on  "The  photography  of  the  spurt  c? 
material  from  a  hollow  coned  charge, "  Mar.  1943, 
(2p.  lllus.  diagrs.)  is  appended.  The  Jet  velocities 
of  80“  lined  charges  0. 25in.  and2  in.  inrilamefer 
backed  by  1  g.  and  loz.  cf  PE  respectively,  vera 
found  to  be  abort  14, 009  ft.  /ccs. 
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STUDIES  OF  SHAPED  CHARGES  FT  FLASH 
RADIOGRAPHY.  1.  PRELIMINARY,  by  3.  L.  TucR. 
Mar.  15,  1943,  ep.  incL  iUus.  diagro. 

(AC  3F64;  Phys/Ex.  399;  SC.  6;  OSRD  Liaison 
OUice  WA-C93-11  or  H-5-4944)  (in  cooperation 
with  Armament  Research  Department) 

Confidential 

A  description  of  the.  equipment  and  procedure  for 
photographing  the  detonation  of  explosives  by 
X-ray  technique  (flash  radiography)  is  given. 

Some  of  the  first  radiographs  obtained  during  the 
detonation  of  various  shaped  charges  are  appended. 
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STUDIES  OF  SHAPED  CHARGES  BY  FLASH 
RADIOGRAPHY.  11.  THE  MUNROE  EFFECT, 
by  J.  L.  Tuck.  Aug.  10,  1943,  12p.  incl.  lllun. 
diagrs.  (AC  4130;  Phys/Ex.  423;  SC.  34;  OSRD 
Maison  Office  WA-917-10)  (h:  cooperation  with 
Armament  Research  Department)  Confidential 

Flash  radiographs  arc  presented  showing  stages 
in  the  development  of  the  Munroe  effect  in  an  80° 
brass  liner  and  a  spherical  Cd  cap,  and  the  pro¬ 
jection  of  some  brass  plsne  discs.  Velocities  of 
the  ‘et  and  slug  from  the  30°  liner  and  of  the 
projected  material  from  the  plane  discs -were 
obtained  from  the  radiographs.  Evidence  of  the 
degree  of  fragmentation  In  both  curved  and  flat 
linings  and  the  information  yielded  by  *heso 
radiographs  concerning  the  nature  and  formation 
of  Munroe  jets  arc  discussed. 
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S1UDIES  OF  SHAPED  CHARGES  BY  FLASH 
PHOTOGRAPHY.  HI.  SOME  MISCELLANEOUS 
CHARGES,  by  R.  J.  Eranthwalte.  Apr.  1944, 
lip.  Incl.  Ulu;.  diagrs.  (AC  £127;  Phys/Es.  543; 
SC.  82;  OSRD  Liaison  Office  WA-253B-9) 

Secret 

Radiographs  arc  shown  of  the  penetration  of  an 
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A1  target  by  '  0°  shaped  charges,  and  of  tin 
detonation  01  charges  w>Kh  hemispherical  taLK 
and  GO’  oteel  limcrE- 


Advisory  Council  onStfeirtificiresea  xhiir.dTtcItrrical 
Development  (Gt.  Brit.,. 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  WEDNESDAY,  MAR.  3RD,  1543. 

Hept.  no.  1.  Mar.  17,  1943,  2p.  (AC  S'173; 
Phys/Ex.  401;  SC- 7;  OSIUV  Liaison  Qillf.o 
WA-528-15)  Confidential 

The  applications  of  shaped  charges  to  the  attach 
of  concrete  were  examined.  It  was  found  that  a 
7B-lb.  charge  perforated  5  ft.  of  reinforced  con¬ 
crete  used  in  the  construction  ot  plil-bosca  uri 
gave  letiial  pressures  on  the  other  side.  A 
comparison  between  strip  and  conical  shaped 
charges  showed  that  a  square-sectioned  strip 
charge  gave  only  1/3  of  the  penetration  of  a  coned 
charge  of  the  same  weight.  An  investigation  of 
the  possibility  of  directing  the  jet  was  made  using 
a  5-oi.  charge  with  an  80°  liner.  The  dispersion 
of  the  fragments  was  found  to  be  about  5°.  It  was 
also  reported  that  the  35-lb.  AS  bomb,  7  In.  In 
diameter  and  having  a  conical  liner  0. 25  In.  thick, 
penetrated  2  plates,  0.  5  and  7/8  In.  thick,  at  a 
slant  distance  through  water  of  51  la. 


Advisory  Council  on  Scientific.  Researchand Technical 
Development  (Gi.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  HI  LONDON  ON  TUESDAY,  APR.  BTH, 
1943.  Rcpi.  no.  2.  Apr.  14,  1943,  2p. 

(AC  3924;  Phys/Ex.  406;  SC.  18;  OSRD  Liaison 
Office  WA-601-13)  Confidential 

The  meeting  was  concerned  with:  development  of  a 
follow-through  projectile;  work  being  performed  in 
the  United  States  on  high  pressure  shock  waves; 
firing  trials  on  a  5 -In.  follow-through  bomb; 
concrete  demolition;  and  the  effect  of  lateral 
charge  confinement  on  Mur.roe  jets.  These  topics 
arc  summarized  briefly  in  general  terms;  no 
technical  Information  Is  reported. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  WEDNESDAY,  MAY  12TH,  1943. 

Kept  no.  3.  [May  1943],  lp.  (AC  4084; 

Phys/Ex.  423;  SC.  32;  OSRD  Liaison  Office 
WA-706-8)  Secret 

The  meeting  is  briefly  reported.  The  design  of  the 
CS  bomb  is  discussed,  and  It  is  suggested  that  the 
slug  can  replace  the  jet  in  penetrating  spaced 
targets. 


Advisory  Council  os  Scientific  Ifescnrc h and  Tfcsfgrtszd 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  E4EETE3S 
HELD  CN  WEDNESDAY,  JUNE  23RB,  OCR.  V 
Hept.  no.  4.  [June  1943],  lp.  (AC  437% 
Phys/Ex.  453;  SC.  3?;  OSRD  Liaison  Office 
WA-791-10)  Confidential 

Brief  summaries  are  reported  on  the  iinfe  of  shaped 
charges  for  clearance  of  mine  Helds,  and  air  a 
theory  of  the  Munroe  effect  baded  on  coll  felons  of 
shock  waves. 


Advisory  Council  oh  Scientific  ResearchandTectmlcal 
Development  (GL  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  TUESDAY,  AUG.  17TK,  1943. 

Kept.  nc.  0.  [Aug.  1943],  Ip.  (AC  4073; 
Phyn/Ex.  472;  SC.  47;  OSRD  LlaiocnOfflco 
WA-940-12)  Secrd 

Tire  meeting  was  devoied  to  United  Staten  repte. 
cti  Munroe  Jet  phenomena.  Theorieirto  account 
for  the  phenomena  are  briefly  mentioned. 


Advisory  Council  on  Scientific  Research  and 
Technical  Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  WEDNESDAY,  OCT.  13TH,  1943. 
Kept.  no.  6.  Nov.  4,  1943,  lp.  (AC  5003; 
Phys/Ex.  492;  SC.  57;  OSRD  Liaison  Office 
WA-1235-11)  Secret 

Brief  and  general  summaries  of  topics  discussed 
at  the  meeting  are  given.  Included  are  the 
mechanism  ol  the  jet,  multiple  Jet  aircraft  bomb, 
and  attack  of  spaced  (multiple)  plate  targeto. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  FEB.  BTH,  1944.  Rept.  no.  7. 

Feb.  23.  1944,  lp.  (AC  5800;  Phys/Ex.  524; 

SC.  75;  OSRD  Liaison  Office  WA-1711-35) 

Secret 

Brief  summaries  are  given  of  the  topics  discussed 
at  the  meeting:  the  effect  of  confinement  of 
charges,  and  the  cutting  tube  charge  head. 


Advisory  Council  on  ScientlLcResearchaj!dTecbnlc?l 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  WEDNESDAY,  MAP..  8TK,  1944. 

Rept.  no.  8.  Apr.  1,  1944,  lp.  (AC  0031; 
Phys/Ex.  537;  SC. 78)  Secret 
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various  types  Is  summarized.  By  talcing  moving 
axes  through  the  end  of  the  jet  and  equating  pres¬ 
sures  at  the  stagnation  point  at  the  bottom  of  the 
hale-,  the  velocity  of  penetration  was  obtained,  t w 
equation  for  the  depth  of  penetration  is  given  in 
terms  of  the  densities  of  the  materials  of  the  Jet 
anti  the  target.  The  result,  -which  holds  only  if  tho 
target  material  Is  of  low  compressibility  com- 
paiet}  with  pressure,  indicated  that  the  penetration 
was  Independent  at  the  jet  velocity  and  of  tho 
strength  of  the  target  material.  The  volume  of  the 
hole  made  in  the  target  depends  on  the  amount  of 
the  energy  of  the  jet  which  is  communicated  to  the 
target.  It  Is  suggested  that  the  crater  produced  by 
a  jet  of  given  velocity,  density,  and  linear  dimen¬ 
sions  la  Independent  of  the  material  of  tbs  lei. 


Advisory  Council  on  Scientific  Researchand  Technical 
Development  iUt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING. 
HELD  ON  TUESDAY,  APR.  1BTH,  1944. 

Rept.  no.  9.  May  5,  1944,  2p.  (AC  6279; 
Phya/Ex.  553;  SC.  SO;  OSRD  Liaison  Office 
WA-214S-14)  Secret 


A  series  of  experiments  was  reported  In  which 
tho  fragments,  down  to  dust  in  size,  from  the 
Shaped  charge  liner  were  collected  in  Ice. 
Spherical  parllclcs  were  found  up  to  a  size  of 
1. 2  x  10*2  cm.  and  a  large  proportion  of  the 
fragments  were  hardened.  The  presence  of  FegN 
was  confirmed,  Results  Indicated  that  dish- 
shaped  liners  were  subject  to  greater  Interaction 
with  the  gases  than  were  conical  liners.  All 
shapes  ol  liners,  except  a  flat  disc,  gave  a  pro¬ 
portion  of  fragments  with  dimensions  greater  than 
the  thickness  of  the  original  liner,  so  that  some 
measure  of  collapse  of  the  liner  must  have 
occurred.  There  were  indications  of  3  different 
mechanisms  of  fragment  formation.  It  Is  pointed 
out  that  the  distribution  formulas  which  were 
suggested  lor  fragments  from  bombs  and  shells 
were  not  Intended  to  apply  to  the  smallest 
fragments  which  might  result  from  gas  erosion. 


Advisory  Council  on  ■;' ?  .c  Research  and  ‘iw^n-rJ 

Development  (Gt.  Brit.). 

SHAPED  CIIARGE3  SUBCOMMITTEE;  ft  .KING 
HELD  ON  WEDNESDAY,  JUNE  7TH,  1044. 

Rept.  no.  10.  June  15,  1944,  2p.  (AC  6511; 
Phys/Ex.  563;  SC.  100;  OSRD  Liaison  Office 
WA-2351-19)  Secret 


A  brief  summary  Is  given  of  the  follow-through 
projectiles  which  were  being  tested  at  that  date. 
A  paragraph  suggests  more  evidence  to  show  the 
interaction  between  fragments  and  explosion 
products. 
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Ai/lsory  Council  on  Sclent!  lie  Research  End  Ter  tafeuh  ■ 
Development  (Gt.  BrlL). 

SHAPED  CHARGES  SUBCOMMITTEE;  MBffat 
HELD  ON  JULY  12TH,  1944.  Rept.  no.  11. 

July  31,  1944,  2p.  (AC  0709;  Pbyo/En.  574; 

SC .  107;  OSRD  Liaison  Office  WA-2000-11) 

Secret 


c  ^  . 


Brief  summaries  are  given  on  the  Investigation  of 
particle  damage  behind  armor  plate,  Mach  elfecto, 
follcrw-lhrough  projectiles,  jet  penetration,  and 
the  mechanism  of  the  break-up  of  hemispherical 
linera. 


Advisory  Council  QnSclcniltlc  Research andTechalcal 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  WEDNESDAY,  AUG.  3QTH,  1044. 

Rept  no.  12.  [Aug.  1944],  lp.  (AC  0904; 
Phys/Ex.  580;  SC.  114;  OSRD  Liaison  Office 
WA-aea-ia)  g ^ 


A  brief  statement  ul  the  subjects  covered  at  Shin 
meeting  is  made. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  NOV.  8TH,  1944.  Rept.  no.  IS. 

Nov.  23,  1944,  2p.  (AC  7389;  Phys/Ex.  003; 

SC.  124;  OSRD  Liaison  Oliice  WA-3425-13) 

Secret 


Brief  summar'Ts  report  on  protection  against 
shaped  charts,  effects  of  very  large  shaped 
charges,  a-  4  cored  charges. 


Advisory  Council  on  Scientific  Research  and  TechnirM 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  IN  [ON]  JAN.  33TH,  1945.  Rept  no.  14. 
Jan.  30,  1945,  2p.  (AC  7812;  Phys/Ex.  020; 

SC.  13B;  OSRD  Liaison  Office  WA-4010-16) 

Secret 


.f 
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Rrief  mention  Is  made  of  the  effects  or  very  largo 
shaped  charges,  protection  against  shaped 
charges  by  chemical  action,  various  uses  for 
shaped  charger ,  and  the  effect  ol  shaped  charges 
on  different  materials. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  MEETING 
HELD  ON  MAR.  22ND,  1945.  Rept.  no.  15. 

Apr.  4,  1945,  lp.  (AC  8033;  Phys/Ex.  035; 

SC.  141;  OSRD  Liaison  Office  WA-4287-7) 

Secret 


n  is  meirtlaccd  briefly  that  the  Hill-Mott-Psda 
theory  of  penetration  was  extended  by  Birithoff  to 
allow  for  the  extension  of  the  Jet  with  standoff  of 
the  charge  and  for  rotation.  If  was  shown  lit  the 
original  theory  that  the  «i!um?  of  the  erc&sr  tr 
n^eel  is  proportional  to  the  energy  given  up  by  o 
jei  or  a  shot;  a  further  analysis  Indicates  that  the 
name  may  be  true  for  penetration  into  concrete. 

It  is  still  not  clear  where  the  material  displaced 
by  the  Jets  goes,  and  experiments  are  designed  to 
determine  this.  The  difference  In  the  shape  of 
crater  obtained  in  such  materials  as  gypsum  and 
concrete  may  give  a  due  and  suggests  that  the 
presence  or  absence  of  air  spaces  In  the  material 
attacked  Is  connected  with  the  shape  of  crater 
formed.  Other  work  reported  shows  that,  if 
allowance  is  made  for  Ihe  difference  in  density  cf 
the  metals,  the  properties  of  A1  and.  sfedlieta  arc 
closely  similar.  (AC  abstract) 


d  cs^532l!  ships,  attach  of  submarines,  perforotter 
of  reinforced  concrete  structures,  follow-through 
projectiles,  end  German  and  Italian  shaped  charred 
shells. 


Advisory  Council  on  Sclent  ific  Research  vuid  Technical 
Development  (Gt.  Brit,). 

A  SIMPLE  SHAPED  DEMOLITION  CHARGE  THE 
’’GENERAL  WADE".  A  FURTHER  NOTE,  by 
J.  Taylor.  Apr.  21,  1943,  2p.  (AC  3877;  SC.  24; 
OSRD  Liaison  Office  WA-020-16)  Confidential 

The  General  7/ade  was  modified  by  increasing  tho 
base  pressure  charge  area  by  over  the 
original  design  without  sacrificing  tha  Hng  cuttirg 
power  or  ir creasing- the  weight- of  the  explosive 
charge  or  container.  No  tests  were  made  on  this 
charge. 


Advisory  Council  on  Sclent  ific  Research  and  Technical 
Development  (Gt.  Brit.). 

A  SIMPLE  SHAPED  DEMOLITION  rT7AW,-p7  _ 
THE  "GENERAL  WADE",  by  J.  Taylor. 

Mar,  29,  1943,  4p.  Incl.  diagr.  (AC  3740: 

SC.  16;  OSRD  Liaison  OHice  WA-G38-S3) 

Confidential 

The  General  Wade  is  an  arched  charge,  the  lnrlde 
arch  being  of  1/6-in.  mild  steel  and  the  flat  bases, 
top  ,md  side,  being  of  thin  tinned  plate.  The 
charge  is  initiated  at  the  top  of  the  arch  by  a  L-oz. 
CE  field  primer.  When  the  charge  was  fired  on  an 
8-in.  thick  mild  steel  plate,  a  gash  3.  5  in.  deep, 
about  15-In.  long,  and  5-ln.  wide  at  the  surface 
was  produced.  Placed  directly  on  2-ln.  armor 
plaie,  the  charge  cut  through,  produced  a  large 
scab,  and  shattered  or  cracked  the  plate. 


Advisory  Council  t»  SctecUficHeseircb.andTcchnlcal 
Development  (GL  Brtt.J. 

HOLLOW  CHAHGE  ROTATED  PROJTECTILE3. 

May  7,  1943,  Dp.  Incl.  Ulus,  dtagrs.  (AC  3987; 

SC.  27;  OSRD  Liaison  OHice  WA-645-3I) 

Confidential 

Daring  the  development  ol  a  shaped  charge  shell 
lor  the  25-pounder  Held  gun,  the  penetration  de¬ 
creased  as  the  velocity  of  the  shell  Increased 
because  ol  shell  rotation.  Teels  showed  Hal 
deterioration  could  he  shifted  to  higher  velocities 
by  using  a  liner  ol  small  apex  angle  at  a  short 
length.  A  shaped  charge  design  for  the  3. 7-In. 
howitzer  shell  proved  satisfactory  up  to  the 
maximum  muzzle  velocity  of  the  gun  (1450.  ft.  /sec.K 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

EXTRA-MURAL  WORK  IN  PROGRESS  ON 
SHAPED  CHARGES.  Apr.  6,  1943,  Bp.  (AC  3779- 
SC.  17;  OSRD  Liaison  Office  WA-571-5) 

Confidential 

A  chart  outline  ol  the  research  on  shaped  charges 
on  this  date  is  presented.  Fundamental  aspecto, 
present  state  of  work,  and  estimated  time  for 
completion  are  noted. 


Advisory  Council  onSctentific  ResearchandTechnlcal 
Development  (Gt.  Brit.). 

SHAPED  CHARGES:  A  REVIEW  COVERING  THE 
PERIOD  AUG.  26TH,  1942  TO  FEB.  23TH.  1943 
byE.  A.  Monro.  Apr.  14,  1943,  23p.  (AC3827-’ 
SC.  19;  OSRD  Liaison  Office  WA-038-34) 

Confidential 

Discussions  are  included  on  antitank  weapons, 

HC  fuze  no.  233,  controlled  fragmentation,  attack 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

EXTRA-MURAL  WORK  IN  PROGRESS 
May  25,  1943,  7p.  (AC  3633;  Phys/Ex.  417; 
OSRD  Liaison  Office  WA-703-4)  Confidential 

Proposed  investigations  and  the  status  of  shaped 
charge  projects  are  outlined  in  chart  form. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.), 

A  FORMULATION  OF  MR.  TUCK’S  CONCEP¬ 
TION  OF  MUNROE  JETS,  by  G.  L  Taylor. 

'jl'  Cp’  lncl‘  dlaSr-  (AC  3724; 
Phys/Ex.  427;  CSRD  Liaison  Office  WA-638-32) 

Confidential 

Tuck's  paper  (item  no.  L54)  suggests  that  the  high 
velocity  In  the  jet  Is  due  to  purely  bydrodynamical 
causes  and  can  be  explained  by  regarding  the  liner 
as  a  fluid  conical  shell  which  Is  given  a  velocity 
normal  to  the  generators  of  the  liner,  and  It 
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ccncladeb  tli.'it  the  minimum  velactky  of  escape-  fS 
jet  forward  la  equal  ta  the  rale  dpujaagsaf 
45te  disturbance-  along-  the  arts  of  the  bomb.  Ttwloff 
points  out  that  a  complete  hydrodynamicsl 
of  the  motions  which  may  be  expected  on  the 
collapse  ef  ts,  cortical  shelf  of  fluid  to  cot  easy  to 
Otrc  if  theohellla  of  uniform  thickness,  because  the* 
ring  shaped  elements  of  it. increase  Inversely  as  the 
radius  diminishes.  If  the  shell  Is  regarded  aa  of 
infinite  extent,  the  scale  Df  the  whole  configura¬ 
tion  increases  with  time.  This  difficulty  does  not 
occur  if  consideration  is  given  to  the  2-dimeo- 
siona!  case  -hen  the  conical  shell  is  replaced  by 
2  sheets,  each  of  urJ'jrm  thickness  or  the  case 
where  the  original  shell  thickness  decreaseu 
Inversely  as  the  distance  from  the  vertex.  In 
either  of  these  cases  the  whole  configuration  can 
be  reduced  to  steady  motion  by  Impressing  a 

velocity  backwards.  Taylor  concluded  that  the 

treatment  given  here  seems  to  be  a  correct 
iormulation  of  the  ideas  of  Tuck,  although  It  doco 
not  agree  in  all  respects  with  what  Tuck  deduced 
from  hilt  premises. 


ISO 

Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.) 

REPORT  ON  HANKLEY  COMMON  TRIALS 

KVS"'  “•  Ub‘“’  "Xra 

A  program  was  carried  out  to  explore  and  develop 
the  most  practical  use  of  explosives  In  assault 
,  afl  ,The  shaped  charges  tried  out  against 
3-ft  Lhick  walls  were:  6-hi.  Beehives;  6-in. 
Beehives  with  shaped  fillings  (Queen  Bee)  between 
I  he  liner  and  the  surface  attacked;  composite 
charges  consisting  of  Beehives,  Queen  Bee,  and 
circumscribing  annular  charge;  solid  right  cylin¬ 
drical  conical  charges;  charges  of  plain  rectangu¬ 
lar  section;  German  demolition  "Headlight"  charge, 
and  a  variant  of  this  called  a  "Cheese"  charge- 
and  an  arched  linear  charge  called  the  "General 
Wade  .  Results  with  6-ln.  Beehives  showed  that 
tne  standard  filling  gave  the  best  results.  An 
average  penetration. of  36  In.  was  obtained  with 
the  standard  Beehive.  In  tests  with  the  Queen  Bee. 
it  was  found  that  in  concrete  which  was  too  thick 
to  be  penetraied,  the  charge  did  not  materially 
improve  on  the  results  obtained  with  the  6-ln. 
Beehives  alone.  Tests  with  composite  charges 
were  designed  to  determine  whether  the  Beehive 
shaped  charge  could  be  Incorporated  in  a  com¬ 
posite  charge  which  would  combine  disruption  with 
penetration,  the  penetration  taking  place  ahead  of 
the  disruption  and  so  addii.j  to  the  general  effect. 

It  was  concluded  that  the  composite  charges  re¬ 
quired  complicated  initiation,  were  difficult  to 
position  on  the  target,  and  that  their  effect  was 
not  sufficiently  supcrior  to  other  simpler  charges 
to  compensate  for  the  difficulties  of  application 
and  manufacture.  Tests  with  the  8-lb.  solid  right 
cylindrical  conical  shaped  charge  showed  that  tha 
charge  did  not  cut  reinforcing  bars  embedded  4  In 
beneath  the  surface  of  the  concrete  attacked,  and 
its  cutting  effect  on  armor  plate  was  inferior  to 
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wace  charge.  This  charge-  wao  Elmr 
aimcntt  to  position.  Tests  were  cnrrtstl  out  wH£t 
a-lb.  charges  of  rectangular  section  8  a  0  x  3  in. 
Tne  charge,  which  bad  a  large  ares  of  eoirfREt/S-. 
of  eapk  Avr  care  good  reoulte;  however-,  It£dki> 
-•  cut  the  reinforcing  bara  embedded  «3  In.  Wnntfr 
the  surface  of  the  concrete,  and  its  cutting  effect 
mi  steel  and  armor  plate  was  Inferior  to  the 
General  Wade  charge.  German  demolition 
Headlight"  charges  tested  against  3-in.  thick 
reinforced  concrete  gave  the  best  penetration 
values  when  the  charges  were  set  about  1. 5 
diameters  away  from  the  target.  Ths  aria  o 1 
contact  which  these  charges  had  with  the  surface 
attacked  was  email,  and  consequently  their  general 
dteniptlve  effect  was  comparatively  poor.  Testa 
with  varjous  fillings  In  General  Y/ade  charge n 
Ehowed  that  25/7S  Pentolfte  was  a  mi  It  able  ftliw 
7.  Jlncrs  showed  no  apparent  advantage  over  steel 
luiera.  Fixed  on  8-in.  thick  mild  steel  plate 
placed  on  the  floor  of  a  whins  tone  quarry,  1  20-Rs 
General  Wade  charge  produced  a  gash  In  the  target 

Thf  3k?  ln‘  deep*  15  in-  lonP.  snd  5  In.  broad  at 
the  surface  A  scab,  22  In.  In  diameter  and  5  In. 

nf  !L^ith.C  defpcst  P011^.  knocked  off  the  back 
of  tha  plate.  Against  2-In. armor  plate,  the  efrargu 
cut  through,  cracking  and  shattering  the  plateT^ 
The  General  Wade  also  penetrated  2  2-in.  thick 

pla!es’  1  on  top  of  the  other.  It  was  con- 
c  uded  that  the  General  Wade  charge  was  suitable 
lor  assault  blasting  when  a  made-up  charge  of  hiirh 
clency,  easily  positioned,  and  quickly  c  .'.nested 
in  multiple  was  desired.  One  26-lb.  "Flytni? 
Durfbin"  fired  against  a  3-ft.  reinforced  cra- 
crete  wall,  bared  the  reinforcement  and  removed’ 
the  top  of  the  wall.  Against  a  4-ft.  wall,  4  26-lb. 
ylng  Dustbins"  stripped  the  concrete  over  a 
b-.it.  gap  and  knocked  some  ol  the  bars  out 
Against  a  6-R.  wall,  U  26-lb.  "Flying  Dustbins" 
produced  a  12-in.  wide  gap  and  broke  most  of  tho 
bars.  One  30-le.  Hayrick  charge  fir.  sd  at  a  4-ft 
wall  produced  surface  damage,  knocking  out  the 
first  reinforcement  bars.  Tabular  data  follow  te« 
comparative  tests  against  a  3-ft.  thick  concrete  ' 


beehive 

fl-lfc.  *rplo*lr®  chtTM. 
Del*  3  la.  iiua.  8orat 
crtttrinj-  la  from  lad 
UUla  cpalliaj  rear. 


WADIJ  FLTIKO  IKJSTDli 

21-Ib.  Kploelf#  dnifa.  3fl-lb.  oxnloalr*  rk., 

d*t*-  or.p  etmJclrcU  4-H. 
"rao“L  <N»m.  Topol  Trail 

remorad. 


ui 

GENERAL  WADL'  CHARGES.  June  24  1Q4S 

'  tonfldenllal 

•T"  h!,f“We,e„C,17led  ^  011  ‘•efnforced  concrete 
T  beams,  3  ft.  deep  and  1.4  ft.  thick.  Both 

SoShTIw  amP?  WUh  2  layers  of  earA  *»SO 

around  the  sides  end  top.  The  13-in.  and  17-in 

the6  Ga!eral  Watis  charE«a  used  produced  gaps  In 
the  roadway,  cut  the  tension  bars,  and  demolished 

LoBr/T:  2?  'I'*-  char*c  ^nt  the  tetmten  barn 
ore.  An  addendum  is  included  on  the  detonation 


nrj"i  -t •  v:  ^.*s*  *b»  *-- 


bpi. 


I 
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of  z.  30-Ib.  Ammonal  charge-  which,  produced  a. 
E^P  in  the  roadway,  and  pressed  fitnra  the  tension- 
^ars  ai  a  steeper  angle  than  the  General  Wade 
chargee. 
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Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

anti-concrete  meeting,  notes  yu  con¬ 
ference  HELD  AUG.  4-,  1943.  Avr  ■;  10-  1043" 
3p.  (AC  4561;  C.29;  OSRD  Liaison  Office 
WA-1031-ls)  Confidential 


The  meeting  was  concerned  with  the  most  suitable 
design  of  a  rocket  projectile  which  would  effect 
disruption  of  a  10-ft.  thick  wall  when  fired  from.  a. 
projector on  the  grotmd  or  mounted  In  some  kind 
of  craft.  Consideration  was  given  to  the  size  and, 
weight  of  explosive  head  required  to  clear  a  tank 
breach  in  reinforced  concrete  walls  which  would 
be  encountered,  arid  to  the  size  and  weight  of 
explosive  head  required  to  neutralize  enemy 
pillboxes. 


U~? 


Advisory  Council  on  Scientific  R  esearch  and  Technical 
Development  (Gt.  Brit.). 

A  STUDY  OF  THE  MECHANISM' OF  HOLLOW 
CONED  CHARGES,  by  H.  Kalsky  and  others. 

Au&.  24,  1943,  lip.  Ulus,  diagrs.  (AC  4633; 

EC.  50;  OSRD  Liaison  Office  WA-1201-20) 

.Confidential 


Penetration  of  shaped  charges  (6  mm.  and  1  cm  I 
into  various  targets  (mild  steel,  polythene,  poly¬ 
methyl  methacrylate,  paraffin  wax,  etc.)  was  In¬ 
vestigated,  and  the  mode  of  deformation  of  the  Cu 
and  steel  liners  was  studied.  Bimetallic  liners 
1  cm.  in  diameter,  consisting  of  a  Cu  and  steel 
layer  bonded  together,  were  fired  Into  polythene 
and  into  water.  A  pointed  fragment  was  found  at  * 
the  bottom  of  Iho  hole  in  the  polythene,  and  a  slut? 
and  secondary  fragment  were  also  round.  A 
method  of  photographing  Jets  Is  described.  The  jet 
of  explosive  products  obtained  from  these  shaped 
charges  was  formed  by  a  hydrodynamic  compres¬ 
sion  of  the  liner  by  the  explosion,  and  the  penetra¬ 
tion  was  due  initially  to  certain  fragments,  the 
weights  of  which  were  less  than  0. 1  that  of  the 
liner.  The  liner  thickness-slug  weight  relationshin 
was  Investigated.  (Also  published  as  Part  I  of  item 
no.  L1144.) 


tea 


Advisory  Council  onSclentillcResearchandTechnfcaJ 
Development  (Gt.  Brit.). 

PLASTER  SHOTS  ON  WALLS.  Nov.  17  1343 
2p.  (AC  5134;  C.  59;  OSRD  Liaison  Office 
WA-1441-0)  Secret 


Genera!  Wade  charges  were  considered  for 
breaching  a  maximum  wall  thickness,  (A  breach 
was  defined  as  a  gap  of  1 2  —ft.  effective  width 
leaving  little  or  no  step  or  crater.)  Using  these 


.'V  "JM  ■  •*"  *■■! VS1- ■  -7  ■!“*?; 
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charges,  the  maximum  thickness  should  betaken- 
at  12,  0,  ?.ud  B  ft.  for  lightly,  medium,  tad 
heavily  reinforced  concrete  walla,  respectively. 
Tests  indicated  that  these  figures  were  n»Hr- 
tectory  for  light  and  medium  refaifbreed  walls;  Issi 
uncertain  for  heavily  re tuf arced  walls. 
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Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

EXPERIMENTS  ON  THE  REFLECTION  OF  IN¬ 
CLINED  SHOCK  WAVFf1,  by  G.  H.  Lean. 

Dec.  14,  1943,  I2p.  lllus.  dlagre.  (AC  5343; 
Phys/Ex.  501;  OSRD  Liaison  Office  WA-16B2-13) 

Secret 


An  Investigation  was  made  of  an  abnormal  type  a? 
reflection  of  inclined  shock  waves  In  a  supersede 
air  stream  to  provide  quantitative  experimental 
evidence  on  the  occurrence  of  phenomena  pre¬ 
dicted  by  von  Neumann  on  theoretical  grounds.  Ia 
this  abnormal  type  of  reflection  a  third  shock  wave 
was  formed  a,  the  wall  near  the  point  of  reflection. 
The  theoretical  results  were  verified  experimea- 
Cally  at  M  =  2. 6,  where  Mach  reflection  occurred 
at  an  inclination  of  the  incident  chock  wave  of  41* 
at  a  wedge  angle  of  19°.  At  greater  inclinations  of 
(he  incident  shock  wave,  the  motion  became  more 
complex,  the  Mach  shock  became  curved,  and  the 
inclination  angle  of  the  reflected  shock  wave  de¬ 
creased.  Also,  the  vortex  sheet  behind  the  Mach 
shock  became  inclined  to  the  airflow  direction. 
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Advisory  Council  on  Scientific ResearchandTechaical 
Development  (Gt.  Brit.). 

TEST  REPORT  ON  THE  EFFECT  nv  DT,i^g 
AND  GENERAL  WADE  CHARGES.  Dec.  29,  194S 
3p.  taole,  diagr.  (AC  5441;  C.  70;  OSRD  Liaison  ’ 
Office  WA- 1509-5)  Secrrt 


A  comparison  was  made  of  the  effect  of  correctly 
and  badly  placed  plaster  and  General  Wade  charges. 
It  was  recommended  that  whenever  possible  the 
General  Wade  charge  be  used  In  preference  to 
plaster  charges  because  weight  for  weight  they 
give  better  results  wit ti  better  cutting  and  the  less 
In  effect  due  to  bad  placing  la  not  so  pronounced. 


L87 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

DEMOLITION  OF  1:10  SCALE  MODEL  RE¬ 
INFORCED  CONCRETE  SOLED  VAULT  ARCH 
BRIDGES  WITH  MODEL  GENERAL  WADE 
CHARGES.  REPORT  OF  EXPERIMENTS  CAR¬ 
RIED  OUT  AT  BOVINGTON  ON  JAN.  4TH,  1944. 
Jan.  29,  1944,  3p.  (AC  5633;  C.  33;  OSRD  Liaison, 
Office  WA-194B-5)  Sewci 


Model  General  Wade  charges,  15.  5-In.  long  filled 
with  25/75  PETN-TNT  with  4  CE  pellets  in  each 
charge,  were  fired  against  a  l;io  scale  model 
bridge  to  determine  the  effect  of  untamped  charges 
in  the  demolition  of  the  crown  of  reinforced  con- 
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Crete  solid  vault  arch  bridge*.  Witn  these  charges’, 
a  gap  10  to  12  tn.  wide  was  produced  is  the  bridge,' 
and  all  the  reinforcement  was  cut.  Results  ci  lull 
scale  tests  showed  that  an  untamped  charge  of  5S0D 
!b.  oi  Pentolite  In  twJn  General  Wade  containers 
holding,  together,  105  lb,  ol  Pentolite/ft.  and 
stretched  across  the  full  width  ol  the  bridge  would 
cut  through  25  in.  ol  filling  and  16  in,  ol  rein¬ 
forced  concrete  to  make  a  gap  from  G  hi  10  It. 
wide.  The  abutments  and  cantilever  ends  of  the 
arch  were  undamaged. 


Advfoory  Council  on  GcienttlicResearchandTechnlcal’ 
Development  (Gt.  Brit.). 

HOLLOW  CHARGE  FOLLOW  THROUGH  PHO- 

Apr‘  2G*  la‘W>  B*>-  inch  Ultra,  dfctgnr. 
(AC  6208;  oC.  84;  OSRL  Liaison  OfficeWA-2174-18) 

Secret 

Experiments  were  performed  using  r>  mild  steel 
rod  or  a  central  tube  as  a  follow-through  pro- 
Jcciiie  which  was  embedded  In  the  explosive 
charge.  The  embedded  portion  acted’as  a  guide 
or  brake  for  the  follow-through  projectile. 


Advisory  Council  oa  Scientific  Res  oarchmd  Technical 
Development  (Gt.  Brit.). 

A  STUDY  OF  THE  MECHANISM  OF  SHAPED 
CHARGES  WITH  HEMISPHERICAL  LINERS  by 
H.  Koisky.  May  26,  1944,  12p.  inch  illus. 

(AC  6359;  SC.  97;  OSRI?  Liaison  OfllceWA-2539-16) 

Secret 

Small  cylindrical  charges  with  hemispherical 
liners  of  Cu  or  mild  steel  were  lired  Into  targets 
of  polythene  and  of  mild  steel  to  investigate  the 
jet  ciwracterlstlcs.  Although  penetration  or  the 
jets  into  targets  was  very  similar  to  that  obtained 
with  comparable  shaped  charges,  the  mode  ol 
deformation  ol  Ihe  liner,  and  the  distribution  or  the 
particles  in  the  Jet,  Rile  red  considerablv  In  the  2 
cases-  (Also  published  as  Part  n  ol  item 
no.  L1144.)  ~ 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit  ). 

TESTS  ON  REINFORCED  WAt.LS  AT  FOUL¬ 
NESS  -  SUPPLEMENTARY  TRIALS.  COM¬ 
PARISON  OF  PERFORMANCE  OF  GENERAL 
7VADE  CHARGES  (CHARGE  DEMOLITION  NO  2 
25-LB.  ME.  I)  WITH  VARIOUS  FILLINGS  - 
23rd  JUNE  1944.  June  23,  1944,  Sp.  inch  llluo 
(AC  6716;  C.  162;  OSRD  Liaison  Office  WA-2660-3) 

Secret 

Results  are  given  for  a  comparison  ol  General 
Wade  charges  containing  25/75  Penlclite,  Explo¬ 
sive  651,  50/50  RDX-TNT  with  17%  dibuiyl- 

?A^,late''lUro<:ott,:'n  BUtn  M  desensitizer  and 
50/50  RDX-TNT  with  0.  5%  dibutylphthalate-nltro- 
cotton  guns. 


Advisory  Council  on  SeientlCcBescarchandTfeclinicclL 
Dewlepmint  (Gt.  Brit.). 

THE  PROTECTION  OF  STEEL  TARGETS  FROM 
ATTACK  BY  SHAPED  CHARGES.  I.  REPORT 
BY  THE  EXPLOSIVES  MANUFACTURING 
PRACTICES  LABORATORY,  AUSTRALIA 
(REPORT  NO.  ME4  (A)  13).  m.  PROTECTION 
OF  STEEL  TARGETS  BY  NON-METALLIC  SUB¬ 
STANCES,  WITH  SPECIAL  REFERENCE  TO 
OXIDIZING  AGENTS  (ARD  EXPLOSIVES  REPORT 
NO.  636/44).  Sept.  25,  1944,  lOp.  (AC  7015; 

SC.  1 12;  OSP.D  Liaison  Office  WA-3251-14) 

Secret 

I.  Three  methods  of  defeating  the  penetrative 
pawer  of  shaped  charges  were  considered: 

(a)  explosives;  (b)  oxidizing  agents;  and  (c)  ilastic 
compounds.  Type  a  was  not  thought  to  be  ap¬ 
plicable  to  tank  dele  se,  but  types  b  and  c  were 
practical.  Type  b  was  found  superior  to  type  c. 

Both  cl  these  were  superior  to  armor  plate,  giving 
adequate  protection  at  small  increase  In  weight. 

Bi.  Experiments  were  made  with  lets  Irom 
1. 38-In.  diameter  scale  45°  liners  passing 
through  various  layers  ol  oxidizing  substances. 
Standard  shaped  charges  were  used  at  1  diameter 
away  from  layers  ol  barium  nitrate,  barium 
chlorate,  etc.  Results  showed  that  nonmetallic 
substances  protected  the  main  target  by  reducing 
the  depth  oi  penetration  and  the  crater  volume.  Oa 
a  weight  basis,  sodium  carbonate  dehydrate  was 
the  most  favorable  protecting  material.  Barium 
perchlorate,  dry  sand,  barium  chlorate,  and 
possibly  barium  nitrate  and  potassium  perchlorate 
were  more  efficient  in  arresting  jets  than  metallic 
materials  capable  ol  plaslic  Dow 


Advisory  council  on  Scientific  Research  and  Technical 
Development  <Ct.  Brit.). 

REPORT  ON  DAMAGE  BY  SHAPED  CHARGE 

°Ct‘  I3,  ■9W*  5p-  incl-  iUus*  (AC  7107; 
^C.  118;  OSRD  Liaison  Office  V/A-3251-15- 
Inciosure  1  to  MA  London  rept.  no.  2315-44) 

Secret 

A  summary  io  given  of  the  damage  caused  by  a 
German  Bhaptd  charge  bomb  ol  the  composite  air- 
crait  type.  The  crater  was  approximately  circu¬ 
lar,  45  It.  in  diameter  and  11  n.  deep.  From  the 
crater  there  was  a  trench  about  G-"  ft.  iorj»  The 
area  ol  total  destruction  «  M  was  abevt 

-50  ft.  iong.  Details  ol  the  damage  are  described 
and  photographs  are  included. 


Advisory  Council  on  Scientific  Research  and  Technical 
Development  (Gt.  Brit.). 

SHAPED  CHARGES  SUBCOMMITTEE;  REPORT 
OF  A  MEETING  HELD  ON  NOV.  14TH  1944 
■  THE  PROTECTION  of  AFV'S  AGAINST  ATTACK 
BY  HOLLOW  CHARGES.  Nov.  28,  1944.  2p 
(AC  7413;  SC.  122;'OSRD  LlaisonOffice WA-3608-17) 

Secret 
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Brief  discussions  axe  reported  ott  ajiidiring-  salto 
to  destroy  Munroe  jets  and  various  protection 
methods  such  as  spaced  assembly  on  existing 
tanks,  wire  mattress  (ilujdbly  mounted  to 
the  projectile  to  rebound),  spikes,  anti  use  af 
natural  aggregates  with  and  without  bitumen. 
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Advisory  Council  on  Scientific  Research  and  Technical 
Development  (CJt.  Brit.). 

THE  COLL/PSE  OF  LIKINGS  IN  SHAPED 
CHARGES,  by  M.  R.  Jefferis.  July  2d;  19i5  5p 
diagrs.  (AC  8434;  SC.  154;  OSRD  Liaison  Office 
WA-520B-5)  Secret 

A  mathematical  treatment  of  the  collapse  of  tv 
herr.lspherical  llr.cr  pos'ulated  on  the  hydrodynamic 
theory  of  jet  formation  is  presented. 
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Advisory  Council  on  Sc  lent  ific  Research  and  Technical 
Development  (Gt.  Brit.). 

VELOCITY  GRADIENT  IN  SHAPED  CHARGES 
WITH  CONICAL  LININGS,'  by  M.  R.  Jefferis. 

July  24,  1945,  4p.  lllus.  diagr.  (AC  8435; 

3C- 155;  OSRD  Liaison  Office  WA-520G-6) 

Serxet 

A  "complete  and  perfect"  slug  from  a  conical 
liner  was  compared  as  to  weight,  length,  and 
shape  with  the  predictions  of  the  hydrodynamic 
theory  for  this  liner.  The  considerable  variations 
are  explained  by  a  velocity  gradient  modification 
of  the  theory,  it  is  assumed  that  the  initial  veloc¬ 
ity  Imparted  to  the  liner  Is  not  uniform  kit  falls 
off  toward  the  skirt.  A  simple  assumption  of 
velocity  distribution  is  made  and  its  implications 
analyzed  geometrically. 
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Aerojet  Engineering  Corporation  (N7onr-4C2.  Task 
Order  2). 

RESEARCH  ON  ROCKETS  AND  OTHER  VEHI¬ 
CLES  AS  CARRIERS  OF  SCIENTIFIC  INSTRU¬ 
MENTATION,  by  F.  Zwicky  and  others.  Semi¬ 
annual  rept.  Dec.  1,  «947-July  8>  Aug.  26. 

1948;  73p.  inch  lllus.  diagrs.  (Kept.  no.  326) 
TIP  C115C  Confidential 


Investigations  are  being  made  of  generating  Jets 
of  particles  whose  velocities  are  well  into  the 
hypersonic  range,  and  should  at  the  same  time  be 
as  massive  as  possible  in  order  to  he  seen  at 
great  distances.  The  generation  of  luminous 
particles  and  the  luminosity  orginating  at  the  time 
the  particles  are  fired  were  studied.  Preliminary 
investigations  are  reported  of  the  factors  affecting 
the  trajectory  of  shaped  charges  under  ordinary 
atmospheric  conditions. 


15 


1ST 

Aerojet  Engineering  Corporation  (K7onr-4SZ.  TacK 
Order  2). 

RESEARCH  ON  ROCKETS  AND  OTHER  VtiTT- 
CLES  AS  CARRIERS  OF  SCIENTIFIC  INSTRU¬ 
MENTATION,  by  F.  Zwlclcy  and  otherB.  Quarterly 
Eummary  rept.  July  9-Oct.  9,  1948.  Dec.  23, 
1948,  44p.  Inch  illus.  diagrs.  (Rept.  no.  346) 

T1^  C1932  Confidential 


Tests  seemed  to  indicate  that  in  order  to  produce 
observable  shaped  charge  jets  for  extreme  alti¬ 
tude  work,  it  Is  necessary  to  form  liners  of 
metallic  powder  mixtures  which  will  react 
exothermically  at  the  temperature  of  the  collapsing 
liner.  Shaped  charge  firings  are  reported. 
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Aerojet  Engineering  Corporation  (N7onr-462  Task 
Order  2). 

RESEARCH  ON  ROCKETS  AND  OTHER  VEHI¬ 
CLES  AS  CARRIERS  OF  SCIENTIFIC  INSTRU¬ 
MENTATION,  by  F.  Zwicky  and  others.  Final 
rept.  Dec.  1,  1947-Inn.  31,  3949.  [19491,  ISp. 
iliua.  diagrs.  (Repl.  no.  362)  TIP  CI962 

Confidential 

Shaped  charges,  fitted  with  metallic  or  other  solid 
conical  liners,  were  Investigated  for  use  as 
tertiary  rockets  in  experiments  to  teach  the  re¬ 
mote  regions  of  shape.  The  slow  slug  and  extruded 
jet  of  very  fast  small  particles  which  may  attain 
velocities  ol  the  order  of  the  detonation  velocity 
are  intended  to  play  the  role  of  test  particles  whose 
speeds  and  spectra  may  be  observed  to  determine 
the  laws  of  hypersonic  aerodynamics  and  the 
composition  of  the  media  traversed.  Firing  re¬ 
sults  are  Indicated, 
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A^Tm^l°Praent  *'orPora^on  (DA-04-495- 

STUDY  OF  THE  DART  ANTITANK 
.4ISS1LE,  by  W.  Boliay  and  others.  Aug.  IE,  1952 
64p.  illus.  diagrs.  (Rept.  no.  196-5)  AD-15  224 

Confidential 

The  proposed  shaped  charge  warhead  for  the  DART 
missile  Is  discussed.  The  warhead  is  described 
as  a  20-lb. ,  8-in.  diameter  shaped  charge  fitted 
with  an  A1  liner  having  an  apex  angle  of  90°.  Thin 
charge  will  penetrate  14-16  in.  of  armor  plate 
and  produce  maximum  damage  beyond  defeatable 
armor.  A1  ir  chosen  as  the  liner  material  since 
It  is  particularly  effective  in  igniting  heavy  fuel 
oil  similar  to  that  used  in  Russian  tanks,  and 
because  this  material  is  less  sensitive  to  devia¬ 
tions  at  optimum  standofl  distance  than  is  Cu. 
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Asrophvsics  Development  Corporation  (UA-OJ-CuS- 
ORD-404). 

DEVELOPMENT  STUDY  OF  THE  DART  ANTI¬ 
TANK  MISSILE,  by  W.  Bollay  and  others.  Apr. 
2,  1953  [12D]p.  illus.  tables,  diagrs.  (Rept. 
no.  1003-1-R2)  Confidential 

Two  experimental  warheads  containing  Q-in. 
shaped  charges  with  a  cone  angle  of  60°  and  an  A1 
liner  ,1/8-in.  thick  were  tested  for  use  In  the 
DART  missile.  The  first  firing  was  made  against 
an  8-in.  armor  plate  at  0“  obliquity  and  a  16-ln, 
standoff.  The  charge  easily  penetrated  the  target 
plate,  the  hole  diameter  being  2  in.  Calculations 
indicated  that  the  luminous  part  ot  the  jet  rose  to 
a  height  of  about  SO  ft.  This  test  indicated  that 
the  charge  penetration  was  considerable,  ap¬ 
proximated  25  in.  ia  mild  steel  or  20  In.  in 
armor  plate.  !t  was  concluded  that  by  either  de¬ 
creasing  the  standoff  distance  or  changing  the 
liner  angle,  a  larger  hole  and  increased  damage- 
would  result.  In  the  second  firing,  the  shaped 

■  charge  was  tested  against  a  5-in.  armor  plate  at 
55  and  an  8-in.  standoff.  A  larger  hole  resulted 
than  in  *he  first  firing  and  the  height  of  the  Jet 
obtained  was  approximately  30  ft.  Considerable 
fragmentation  and  spalling  occurred  at  the  exit 
hole.  It  was  concluded  that  the  effectiveness  of 
the  charge  was  not  decreased  at  55°  obliquity. 


002 

[Aircraft  Armament  Experimental  EslaMIsfmrstrt- 
(Gt.  Brit.).] 

AIR  FIRING  TRIALS  WITH  60-LB.  HE/GP  , 
(HOLLOW  CHARGE)  ROCKET  SHELL  AGAINST 
TANKS.  Mar.  11,  1S46,  3p.  (Inclosuie  I  to 
MA  London  rept.  no.  R2731-46)  Confidential 

Tests  arc  described  which  compare  the  CO-lb. 
shaped  charge  rocket  head  containing  10  lb.  o f 
50/50  RUX/TNT  with  the  60-lb,  seml-armor- 
piercing  rocket  head  containing  about  13  lb.  of  HE 
when  fired  from  aircraft  against  Churchill  and 
Panther  tanks  and  a  Jagdpamher  gun  motoy- 
carriage. 
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Allegany  Ballistics  Laboratory,  George  Washington 
University  (OEMsr-273). 

T5S  HIGH-VELOCITY  ROCKET  GRENADE 
(SUPER  BAZOCKA),  I77E.  Golden  and others.  Final 
-rept.  Dec.  19-)5,  142p  incl.  Illus.  tables,  diagm. 
(Series  W,  no.  6)  (NDRC  Div.  3)  OSRD  5770 

Conlldential 


a  aetaued  account  is  given  of  this  shaped  charge 
2. 36-in.  roi  ket  grenade.  The  rept.  is  chiefly 
concerned  with  rockets  -  internal  ballistics,  pro- 
peUarls,  etc.  A  number  of  progress  repts.  on  tho 
T59  are  listed  in  a  bibliography. 
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Aerophysics  Development  Corporation  (DA-04-495- 
ORD-404). 

DART  ANTITANK  MISSILE,  by  F.  K.  Feldman. 
Progress  rept.  June  1,  1953,  ICp.  tables,  diagrs. 
(Rept.  no.  10Q3-2-R11  Confidential 

Tests  were  conducted  on  the  shaped  charge  war¬ 
heads  for  the  DART  missile,  a  ground-launched, 
rocket  propelled  antitank  weapon.  Static  penetra¬ 
tion  tests  Df  the  assemblies  were  made  against 
6-in.  armor  plates  stacked  to  a  thickness  of  18-ln. 
The  pertinent  data  follow: 
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Allied  Force  Headquarters  (Gt.  Brit.). 

TECHNICAL  INTELLIGENCE  SUMMARY  NO  10 
Jan.  4,  1S44,  Partly,  p.2-3.  Annex  H. 

Secret 

Brief  comments  are  made  on  the  German  300-g. 
shaped  demolition  charge.  These  charges  were 
not  effective  against  volcanic  rock;  however,  they 
were  very  effective  on  7/16-in.  hardened  steel 
plate.  With  3-In.  armored  steel  plate,  a  cavity 
only  0. 25  in.  deep  was  produced. 

Lj.05 


A1 


Standoff 

Apex  angle  of 

Liner 

(charge 

diam.) 

A1  liner  (°) 

weight 

1 

60 

4.03 

1 

60 

4.03 

2 

60 

4. 03 

2 

45 

5.15 

Comp.  C3 
Ob.) 

Hole  vol. 

Hole  depth 

(cu.  ill.) 

(in.) 

10.0 

42 

-  9-3/B 

40.7 

101 

11-5/8 

10,0 

43 

13.0 

14.2 

55: 

14.25 
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Sos  Mission,  USFET. 

MISZNAY  (SCHARDIN)  EFFECT,  by  G.  H.  Wannier 

Sept.  10,  1945,  |7]p.  incl.  diagrs.  (Rept. 

no.  GKW/297)  Confidential 


An  English  summary  is  given  of  a  German  rept.  on 
a  modification  of  the  shaped  charge  effect  which 
was  discovered  by  Mtsznay,  and  on  German 
efforts  to  apply  it  to  the  development  cf  new  arms. 
The  Information  is  drawn  from  the  Oscnberg  files 
at  "Dustbin".  A  short  historical  reference  is 
given  by  General  Schneider,  Head  of  Wa  Priif.  The 
experiment  is  described  in  its  primitive  form,  ft 
was  found  that  the  destructive  effect  of  the  shaped 
charge  detonation  could  ba  checked  under  certain 
circumstances.  The  directed  explosion  could 
be  made  to  accelerate  a  solid  object.  In  the 
experiment  of  Schardin,  the  shaped  charge  ac- 


SHAPED  CHARGES 


secret 


celerated  a  disc  or  about  its  own  weight  The 
resu,t?nt  motion  was  remarkable  for  its  hiph 
velocity  {8000  ft.  /see. )  and  its  small  angle  cl 
ocatterlng  (10’  of  arc  at  a  distance  of  -400  ft.  ). 
The  work  done  In  the  Flanungsamt  la  also 
summarized. 


AnOM^1168)C,iln0  ^  FoundryCo-  (DA-30-06B- 

FSASIBILITY  STUDY  OF  BOOST  ED- HOCK  FT 
TANK  WEAPON,  by  [K.  H.  Jacobs]  "CrL. 
Feb.  3,  1954,  87p.  tables,  diagro.  (Ordnance 
proj.  no.  TU2-1035)  Conftd^ial 

Et!GWed  0111  deve!pPueni  of  HEAT  am- 
having  the  following  characteristics  was 


Caliber 
Warhead 
Explosive  charge 
Penetration 
Standoff 
Muzzle  velocity 
Velocity  at  2000  yds. 
Fin-stabilized 


105  mm. 
shaped  charge 
2.79  lb.  HE 

.A-ln.  armor  (Cp°  oMfquity) 
7.  5  in. 

1200  n.  /sec. 

1800  ft./sec. 


It  was  pointed  out  that  many  of  «he  details  and 
characteristics  of  the  proposed  ammunition  were 
patterned  tuter  the  105-mm.  TI19  DAT  round. 
k  <'^1 a P Fentl) x ’  {he  shaped  charge  warhead  was 
briefly  discussed  and  the  problem  of  spin  compen- 

toosTedWrockeLSWered  ^  **  stand?oM  oi  th<> 


Antiaircraft  Artillery  Board,  Fcrt  Bilim. 

SERVICE  TEST  OF  EXPLOSIVE  SHAPED 
CHARGE  T3,  by  F.  E.  Gross.  Jan.  27,  1945, 

4p.  Ulus,  appendixes  A-C.  Restricted 

Tests  were  made  to  determine  the  euitabtlfty  of 
the  T3  shaped  charge  as  a  means  of  defence 
agabict  low-flying  aircraft.  The  T3  charge  weighs 

t?r  ^  15  9‘5  *  d*™- 

t.r  15  3/8  In.  high,  and  has  a  steel  liner.  Testa 

made  to  determine  the  side  blast  effect  of  the 
cnajges,  fired  both  singly  and  In  groups  of  5 
showed  only  a  few  small  hcles  in  the  targets  from.- 
a  smgle  charge,.. while  the  group  of  5  charged 
» ipped  a.I  (he  target  cloths  from  the  frame.  An 
Inspection  of  the  damage  sustained  b"  the  CQ3 
target  plane  indicated  that  the  T3  charges  were 
capable  of  damaging  or  destroying  low-flying  air¬ 
craft,  but  accurate  fire  control  was  absolutely 
necessary.  J 


App!'ed  ,^c,eli:^boratory’  jD,,nB  Hopkins  University. 
ANALYSIS  OF  THREE  NEW  MEXICO  PHOTO- 
£™S  0F  HOLLOW  PHOJECTILES  IN  SUPER- 
FLIGHT’  by  E-  M-  Elchelborger.  Jan.  8, 
1646,  lp.  memo.  (JKU-APL/CM-180) 

Confidential 

were  analyzed  by  the  method 
Oi  CM60  to  find  drag  coefficient  CD  and  shock  wave 
.  ,W'  Values  obtained  are  compared  with  Taylor- 
MacCall  values  for  cones.  fThis  abstract  nssumea 
that  hollow  projeciiles  might  possibly  refer  to 
shaped  charge  projectiles.] 


Ammunition  Development  Division,  Research  and 
Development  Service,  War  Department. 

HCCK  PENETRATION  TESTS  OF  M3  40  LB 

TIPC5M34  Confidential 

DaU  are  given  for  static  tests  of  M3,  40-lb 
shaped  charges  against  lava,  sandstone,  limestone 
and  concrete  surfaces.  Photographs  show  the 
craters  made  by  these  charges. 


Applied  Physics  Laboratory,  Johns  Hopkins  Unfvernliv 
TASK  11  (BUMBLEBEE  CANNONBALL)  *** 

Quarterly  progress  rept.  July  1-Sept.  30  1952 
Nov.  1 5,  1952,  p.  6-7  Inch  illus.  (Rept ' 
no.  APL/JJiu  TG-156-1)  Secret 

Ashnpedcharge  warhead  was  designed  for  tho 
150-lb  Cannonball  spherical  service  missile  No 
tests  of  Shis  warhead  have  been  made;  however  ” 
t  is  estima  ed  that  penetrations  of  armor  ranging 
^  7-in.  standoff  io  about 

at  20-in.  standoff  w:ll  be  obtained. 


ANALYSIS  OF  CHINESE  3.  5-IN.  (87-MM.)  ROCKET. 
Oidnance  Intelligence  Sum niary  v  2  spHa! 
no.  15,  Dec.  15,  1951:3-4.  ^  *  '  ^Lret 

A  brief  description  of  the  Chinese  B7-mra.  HEAT 
rocket  is  given  The  55“  shaped  charge  liner  is 
made  of  hoi-rolled  steel  and  appears  similar  in 
configuration  to  the  shaped  charge  liner  of  some 
Amem-an  huAT  weapons.  The  liner  was  crudely 


APTSKPHyiilO„rtb0.rat0ry’  J°tas  HopkIns  University, 
iw  w*7  Pr°greSS  rep:‘  <**•  1-  - 

no.  -JiSrc^  *  «•  ^ecm 

at  the  Aberdeen  Proving  Ground.  Confirming 
extrapolation  of  existing  data  (Item  no.  Lill). 
these  tests  gaie  penetrations  of  12  in.  and  approxi- 
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tE3teJy  IS In.  at  stavidoffs  of  Tin.  and  10  la 
respectively.  The  jet  penetrations  were  ac¬ 
companied  by  considerable  blast  effects. 

L11S 

Arctic  Test  Branch,  Army  Field  Forces. 

/*l^?E’  RIFJ‘E>  M1-  heat,  energa 

(ARCTIC  PHASE  n).  Mar.  27,  1053.  [17]p.  incl. 
Ulus.  (Proj.  no.  2355(AT3))  AD-8080  Secret 

This  grenade  is  a  fin-stabilized,  point-inill2ted. 
base-detonated,  shaped  charge  projectile-,  a  to 
elective  against  armor  at  any  range  at  which  a 
hit  can  be  obtained  and  does  not  depend  on  muzzle 

relocity  to  obtain  penetration.  At  70°F,  the  grenade 

*  T«"e  rl0^i,y  01  174  !t  /ECC-  •  3 

ran6e  a  45  elevation  of  328  yd. ,  and  a  usable 
range  of  approximately  100  yd.  The  grenade  was 
stable  In  Right  but  did  not  function  satisfactorily 
on  gra-e  impact  ca  snow-covered  frozen  terrain. 

The  -uze  functioning  of  the  grenade  was  not  satis¬ 
factory  against  ice-creteTcoVered,  sloped  armor 
plate  at  -5  to  -11'  F.  The  functioning  of  cold- 
soahed  grenades  against  bare  armor  plate  and  oi 

th1s«IfSh^r;ler  35semW>r  satisfactory  at 
-is  to  -2.  F.  Moisture  accumulated  in  and 
froze  the  tops  of  the  fiber  grenade  containers 
making  the  tops  difficult  to  remove.  An  arctic 
tr  gger  for  the  Ml  rifle  was  considered  essential 
to  allow  a  riueman  to  handle  the  grenade  effectively 
to  sub-zero  temperatures.  The  fuze  of  the  grenade 
was  not  sufficiently  sensitive  to  ensure  detonation 
on  all  surfaces  other  than  bare  armor.  Details  of 
ests  are  included  in  the  appendixes.  (TIP  abstract) 

LI  Id 

Armament  Design  Establishment  (Gt.  Brit.) 

A  THEORETICAL  TREATMENT  OF  THE 

3^ZH^fTT,EFFECI’  byF'  ChorltQa- 

Sept  1950,  [24]p.  incl.  tables,  diagrs.  (ADE 

n0‘  10/5°:  Enclosure  1  to  ORD- 
TRART-3H])  TIP  S51273  Secret 

The  Mlsznay-Echardin  or  end  effect  is  the  phenome¬ 
na}  in  which  metal  at  1  end  of  a  cylindrical  or 
shaped  HE  charge  is  projected  at  very  high  velocity 
In  a  forward  direction  by  a  detonation  wave 
initiated  from  the  ether  end.  A  new  theoretical 
treatment  is  presented  for  predicting  fragmenta¬ 
tion  velocities  obtained  from  suitably  designed 
.Jiers  when  TNT  is  used  as  detonator  The 
method  used  is  based  on  grange's  problem  in 
lute*  .or  ballistics. 

1415 

Armament  Design  Establishment  (Gt.  Brit  1 
DEVELOPMENT  OF  A  2.62-IN  DIAMFTFH 
PRESSED  LINER  FOR  SHAPED*  CHARGES,  by 

<iV'.  JPr°ErCSSrept'  ScPt-  1952.  ri51p. 

^■  teUes.dblgrs.  (ADE  Technical  rept.  ? 

D0-  15/52>  Secret 

RD^i!-/fin/anrtrldee*braiiS  Iincrs’  f,Ued  wl‘h 
rtb//ihi  60/40,  were  tested  against  homo- 

SECRET 


armor  plate  targets  147.  T  mm.  to  250  mm.  thiefc 
at  Btandoffa  ranging  from  4. 1  in.  to  fl.2  in.  From 
the  test  firings  it  was  concluded  that:  (1)  tho 
cartridge-brass  liners'  performance  compared 
favorably  with  the  standard  Cu  liners;  (2)  the  ad¬ 
dition  of  spit -tubes  was  ftoc  worthwhile;  and  (3)  no 

were, Gained  with  peripheral  initiation 
of  RDX,  TNT  60/40  because  of  the  pourability 
problem  of  cavitation.  Tabular  data  are  given  for 
all  firings  in  an  appendix. 

LllC 

Armament  Research  Depaitm«t  (Gt.  Brit.l. 

THE  PERSISTENCE  OF  .VDINROE  JETS.  ATTACK 
ON  MULTIPLE  PLATE  TARGETS.  PART  I  br  f 
W  M.  Evans  and  A.  R.  Ubbelohde.  Nov.  1042 
1  P',-rC/;.tableSl  dlaerG-  Explosives  rept. 

Ac  3?95*  Kor-  23*  1942>  347; 

OSRD  Liaison  OLicc  WA-iSS-20)  Confidential 

The  Investigation  was  undertaken  to  obtain  informa¬ 
tion  on  the  effect  of  spacing  the  stepping  material 
at  various  intervals  to  compare  it  with  thj  Hmitlna 
case  of  a  massive  slab.  Results  are  given  for 
charges  oi  1-3/B  in.  diameer  used  in  eu  attach 
of  multiple  steel  pla.es  with  jets  from  variouo 
shaped  charges  with  mild  steel  liners.  It  wan 
noted  that  as  the  air  gap  between  the  layers  was 
increased  from  light  contact  to  several  charge 
diameters  the  penetration  loss  became  rouphlv 
constant  for  each  gap.  A  comparison  of  mild  steel 
ar.d  armor  plate  targets  showed  that  penetration 
through  armor  plate  was  approximately  0.8  times 
a  hroug..  mud  steel  plates.  The  most  persistent 
jets  of  approximately  equal  penetration  were  ob¬ 
tained  from  perfectly  machined  80°  liners,  from 
pressed  steel  hemispheres,  from  pressed  80° 
liners,  and  from  pressed  welded  45°  liners. 

L117 

Armament  Research  Department  (Gt  Brit ) 

CAVITY  EFFECT  OF  HIGH  EXPLOSIVES  A 
SUMMARY  OF  RECENT  WORK  ON  HOLLOW 
CHARGES  AND  THEIR  SERVICE  APPLICA¬ 
TIONS.  Jan.  1943,  55p.  illus.  diagrs.  (ARD 
?5*>;®'sive3  rePL  no-  28/43;  AC  4026,  May  14  1943. 
SC.  29;  OSRD  Liaison  Office  WA-746-29)  ’  ' 

Secret 

The  summary  is  concerned  primarily  with  the  wort 
of  the  Armament  Research  Department  from  the 
m'dole  011911  to  the  end  of  1942.  Lines  of  research 
in  other  departments  are  indicated.  An  outline  of 
the  piescnt  theoretical  aspect  of  the  subject  Ib 
given.  Thirty-six  pages  of  pertinent  diagrams, 
graphs,  and  photographs  are  included. 

Lite 

Armament  Research  Department  (Qt.  Brit.). 
^R’/r.^AMKTER  FOLLOW-THROUGH  BOMB 
^X1PERIMENTAL  deSIGN).  FIRING  TRIALS 
V5-5*’  MS  plaTE- 'Jan.  1943,  7p, 

'  !  ,  diagrs.  (ARD  Explosives  rept. 
nO-10/io’  AC  3694.  Mar.  13,  1943;  SC-12- 
OSRD  Liaison  Oiiice  WA-591-9)  Confidential' 
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Tests  were  carried  out  with  a  5-la.  diameter 
tanrb  to  determine  the  effect  of  increasing  the 
unear  scale  o'  the  bomb  approximately  3  times. 
Results  indicated  Lb  at  the  follow-through  mecha- 
nism  will  operate  on  a  scale  as  large  as  that  of 
the  5-in.  diameter  bomb  which  was  capable  of 
making  a  5-Ln.  diameter  perforation  in  a  i. 25-in 
mild  steel  plate  and  propelling  a  3-in.  diameter 
projectile  tlirough  the  hole. 


Armament  Research  Department  (Gt  }>it ) 

CHARGE  SHELL 
(GUN  HOWTTZEiv  irN.  16.  Jan.  1343,  4p.  Incl. 
diagrs.  (ARE  Metallurgical  rept-  no.  11/43) 

Confidential 


Results  are  reported  of  a  metallurgical  examina¬ 
tion  made  of  this  shell. 


Ar^te.n.t  Researctl  Department  (Gt.  Brit.). 

™  15/27  hollow-charge  shell. 

repi  no  3/43)"!Sl‘  (/JtD  Metallurgical 

rept.  no.  3/43)  Confidential 


Results  of  a  metallurgical  examination  of  the 
emptied  shell  are  presented. 


Armament  Research  Department  (Gt.  Brit  ) 

R-port  on  7.  5-cm.  german  75/27'" 

T  hollow-charge  ammunition 

5Lr,&r-^«“*gSaM 


iHemta  examinations  on  these  German  and 
uiiian  .shells  are  reported. 


Armament  Research  Department  (Gt.  Brit  ) 
REPORT  ON  GERMAN  10.  5-CM.  GUN 

H°LLOW  CHARGE  SHELL.  Jan 

no  16/491  ^  (ARD  L^oelves  rept. 

'  Confidential 


Results  of  an  examination  of  this  shell  and  the 
method  of  filling  it  are  reported. 


Ar^?,mnnt  Hesearch  Department  (Gt.  Brit ) 

THE  EFFECT  OF  LATERAL  CHARGE  CON 
FfNEMENT  ON  MUNROE  JETS  (PART  II  ’ 

M‘  Evans.  Feb.  1943,  24P.  inch  tables, 
diagrs.  [ARD  Explosives  rept.  no.  60/43- 

Office  W\f^2E-i<5  ®c-  -U  OSRD  Liaison 

Confidential 


Shaped  charges  1  in. ,  1  3/8  in. ,  and  2  in.  in  diam- 
80  liners’  hemispherical  liners, 
and  di..c  liners  of  Cd  or  steel  were  ltred  under 


vnijing  degrees  of  lateral  confinement  agamet 
massive  steel  targets.  This  invesligationWto 
ermine  how  target  damage  varied  with  the 
junount  of  confinement  and  to  confirm  the  sealine 
laws  between  the  charge  and  target  damage  and  to 
n how  confinement  fits  into  the  iLs  of 

ISSteu"! 


”E3earch  DeParfment  (Gi.  Brit.) 

cn^w°u™N  Cha*ge  <h°llotj 
m  .  C  *eb.  1043,  2p  Rlus  fARn 

OfRce'n.iC3572)Pt'  n°‘  W*3‘‘  ^  Llalsoa 

1  Secret 


a  1  “etallurSlcal  examination  of  the 
-mptied  demolition  charge  are  reported. 


Armament  Research  Department  (G*  Brit  1 

(ARD  plosives  rept. 

no.  C7,  4Jf  Aw  a 602,  Mar.  27,  -1043-  SC  4-  OSRn 

Liaison  Office  W4-542-35)  ‘secret 


on  the  possibility  of  Jet  formation  by  ihTcom^ 


^^^nCS<?archDt;Partment(Gt.  Brit) 

?m?«LIETS  WITH  PeHTURBED  SYMMETRY 

TTHN-.^hEC4iiN73M  °F  !ET  POTATION),  bv  7‘ 
-  N^sh  ar.d  A.  R.  Ubbelohde.  Mar.  1P'3  6n 

WUI  Explosives  rept.  no  85/43-’  P' 

AC  3849,  Apr.  16,  1943  SC  21-  OSRn  I  i’i 
Office  WA-601-14  ’  '  °SRG  L^SOn 

Confidential 


C.iarges  of  1  3/8-in.  diameter  were  modifier!  k,„ 
using  paper  in  place  of  thick  steel  confinement  to 
avoid  completions  from  particles  fromTe  "1!? 

zf  at  angles  to  the  axis  of  the  detonate 

theVrf‘i  ^k'0  !Wsle  bclwe<?n  I  he  charge  axis  and* 

P  to  60"1h™  T?  rf  Passively 
up  to  60  ,  the  angle  between  the  charge  axis  in* 

kewiselncr  "  jet  W3B  ^ 

steel  and  Cd  n  ‘  «?UltS  are  diaeramed  for 
steel  and  Cd  liners  Observations  and  other 

expenmen.s  supported  the  view  that  jet  formation 
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Armament  Research  Department  (Gt.  BrR.). 

THE  COMPARATIVE  PERFORMANCE  OF  DISCS 
AND  HEMISPHERES  IN  CS  BOMBS,  by 
A.  R.  Ubbelohde.  Apr.  1943,  4p.  (ARD  Eq? 
slves  rept.  no.  86/43;  AC  3848,  Apr.  16,  1943. 

SC.  20;  OSRD  Liaison  Office  WA-620-15)^^ 

Experiments  were  made  to  compare  the  per- 
lormance  of  the  CS  disc  (liner,  with  a  steel 
hemisphere  of  suitable  thickness,  and  to  compare 
the  ellect  on  penetrating  power  ol  solid  steel  and 
laminated  steel  confining  the  explosive.  Previously 
it  was  shown  that,  tor  aliack  on  multiple  plate 
targets,  the  most  persistent  jets  were  obtained 
from  steel  liners  of  suitable  thickness  and  ol 
conical  or  hemlspheilcal  shape.  Experiments 
■were  performed  to  confirm  this  information  using 
larger  liners,  and  laminated  steel  spirals  for 
confining  the  disc. 


Armament  Research  Department  (ut.  Brit.). 

THE  FOLLOW-THROUGH  BOMB.  Apr  1943, 

Bo  diagrs.  (ARD  Explosives  rept.  r.o.  126/43; 

AC  4062,  May  19,  1943;  SC.  31:  OSRD  Liaison 
Office  WA-66B- 13)  Confidential 

Experiments  were  designed  to  reduce  to  a  minimum 
the  back  axial  pressure  from  the  high  explosive. 
Some  of  the  results  from  these  experiments  were 
applied  to  a  follow-through  bomb  where  the  end  of 
the  HE  charge  farthest  from  the  target  was  in  the 
form  of  an  80°  cone.  With  a  charge  1.15  b>.  1" 
diameter,  a  hole  0.  95  in.  in  diarr^ter  was  marie 
In  a  0.5-tn.  mild  steel  plate,  and  bullets  0.75  in.  In 
diameter  were  projected  through  it  at  normal  and 
at  30"  angle  ol  incidence.  The  follow-through 
mechanism  was  a  bullet  with  a  hole  drilled  through 
<t  mounted  between  the  shaped  charge  and  an  ex- 
plosive;  when  the  charge  was  detonated,  gas  passed 
through  the  hole  in  the  bullet,  ignited  the  explosive, 
and  the  bullet  was  driven  through  the  hole  made  by 
the  shaped  charge. 


Armament  Research  Department  <«•  Dr»-)- 

GERMAN  7.5-CM.  HOLLOW  CHARGE  SHELL* 
Apr.  1943,  2p.  illus.  dlagr.  (ARD  Metallurgical 
rept.  no  90/43;  OSRD  Liaison  Office  14-5-3^0)^ 

Results  of  a  metallurgical  examination  of  the 
emptied  shell  are  reported. 


Armament  Research  Department  (Gt.  Brit.). 

OTR'UN  7.5-CM.  HOLLOV7  CHARGE  SHELL 
Aor  1343,  2p.  illus.  dlagr.  (ARD  Metallurgical 
S’,  no.  105/43)  Confidential 

Results  arc  reported  of  a  metallurgical  examina¬ 
tion  made  of  this  shell.  • 


Armament  Research.  Department  (Gt.  Brit.). 

DAMAGING  PROPERTIES  IN  MASSIVE  JTEEL 
TARGETS  OF  JETS  FROM  MUNROE  CHARGES 
LINED  WITH  ALUMINUM,  by  W.  M.  Evans. 

Mav  1943,  5p.  tables,  diagrs.  (ARD  Exploslvcr> 
S.  no. ’158/43;  AC’4173  June  6,  1943;  OSRD 
Liaison  Office  WA-722-12)  Confidential 

An  Investigation  was  made  of  the  damage  In  mild 
steel  targets  caused  by  charges  lined  with  low 
density  Ai.  The  results  were  compared  witfi 
charges  lined  with  steel  and  Cd.  At  firing  o  s 
Uncea  up  to  about  6  charge  diameters  from,  the 
target,  the  craters  due  to  shaped  charges  with  Ai 
liners  were  much  wider  but  much  shallower  than 
those  due  to  corresponding  charges  with  steel  or 
Cd  liners.  At  7  charge  diameters,  the  bole 
diameter  and  penetration  were  greater  for  At  than 
for  steel  or  Cd.  Results  cl  logarithmic  plots  Ql 
entry  diameter  vs.  penetration  showed  that  the 
shallower  liners  obeyed  Ihe  fragment  law  wh  le  the 
deeper  liners  tended  towards  a  law  intermediate 
between  fragment  and  fluid.  Test  results  showed  _ 
that  charges  with  Al  hemispherical  liners  when 
linearly  scaled  In  dimensions  and  fired  at  1  dla riv¬ 
eter  or  4  diameters  from  the  target  face  produced 
corresponding  linear  scaling  of  damage.  Tests 
also  revealed  that  the  percentage  increase  In 
volume  of  crater  with  lateral  confinement  (card¬ 
board)  was  less  for  Al  hemispheres  than  for  steel 
or  Cd;  the  percentage  Increase  in  penetration  with 
confinement  was  less  at  4  diameters  for  Al  than 
lor  steel  or  Cd,  but  the  Increase  In  entry  diameter 
was  greater. 


Armament  Research  Department  (Gt.  Brit.)- 

FOLLOW-THROUGH  BOMB  FOR  PENETRATION 
OF  CONCRETE,  by  H.  L.  Porter  and  others. 

May  1943,  4p.  table,  diagrs.  (ARD  Explosives 
rept.  no.  114/43;  AC  4036,  May  13,  1943;  EC.30;; 
OSRD  Liaison  Office  W A- 66 9- 1.2)  Confidential 

Trials  were  carried  out  cn  a  1:9  scale  in  oollabora 
tion  with  Road  Research  Laboratory  in  an  attempt 
to  produce  a  follow-through  bomb  that,  on  a  30-in. 
diameter  scale,  could  project  an  explosive  shell 
through  1 5  ft.  of  reinforced  concrete.  A  1.  25-lb. 
shaped  charge  3.75  in.  in  diameter  having  an  BO 
brass  liner  was  used  to  penetrate  a  20-in.  rein¬ 
forced  concrete  block  and  attempts  were  made  to 
project  solid  steel  bullets  ol  various  diameters 
and  lengths  through  the  resulting  holes.  The 
effects  of  reducing  the  propellant  charge  and  of 
firing  al  an  angle  30"  to  normal  were  included  in 
the  investigation.  Diagrams  ol  the  follow-through 
bomb  and  test  arrangement  arc  included.  Firing 
results  are  tabulated  and  discussed. 
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Armament  Research  Department  (Gt.  Brit.). 
GERMAN  HOLLOW-CHARGE  AMMUNITION 
For:  7.5 -CM.  LG  40.  {RECOILLESS  EQUIPMENT-) 
May  1943,  Cp.  Ulus,  diagra.  (ARD  Explosives 
rept.  no.  101/43;  OSRD  Liaison  Office  U-5-4102) 

Unclassified 

The  examination  of  this  shell  is  reported.  The 
essential  differences  from  German  shaped charge 
shells  previously  examined  are:  (1)  a  thicker- SO* 
steel  liner;  (2)  the  flash  tube  leading  Iron  Uie 
gaine  stopped  at  the  apex  of  the  liner  Instead  of 
continuing  to  the  nose  fuze;  and  (3)  a  steel  washer 
was  lilted  across  the  cavity,  probably  to  prevent 
fuze  fragments  from  reaching  the  liner.  It  Is 
estimated  that  the  shell  will  penetrate  70  mm.  of 
homo  armor  plate  (IT  BO)  at  normal  and  GO  mm. 
at  50”. 


Armament  Research  Department  (Gt.  Brit.). 

THE  PERSISTENCE  OF  MUNROE  JETS  IN  AIR. 
ATTACK  ON  MASSIVE  TARGETS  AT  A  DIS¬ 
TANCE,  by  W.  M.  Evans  and  A.  R.  Ubbeiohde. 

May  1943,  lOp.  inch  tables,  diagrs.  (ARD 
Explosives  rept.  no.  172/43;  AC  4221,  June  15, 

1943;  SC.  37;  OSRD  Liaison  Office  WA-722-13) 

Confidential 

The  investigation  was  concerned  with  geometrical 
factors  affecting  persistence  of  jets  from  00° 
liners,  the  comparative  persistence  of  Jets  from 
liners  ol  different  shapes  and  materials  (steel, 
hardened  Pb,  Cd,  brass,  Al)  damage  caused  by 
steel  and  AI  jets  at  large  distances  (up  to  68 
diameters)  and  retardation  of  jets  in  air.  Axial 
asymmetry  in  the  liner  decreased  the  stability  of 
the  jet  from  an  80”  liner.  Progressive  decrease 
in  thickness  from  base  to  apex  of  liners  which 
were  axially  symmetrical  led  to  less  persistent 
jets  than  those  from  liners  'A  uniform  thickness. 
Comparison  of  various  metal  liners  and  shapes 
of  charges  indicated  that  the  greatest  penetration 
was  obtained  from  jets  from  fluid  metals  and 
from  deep  hollows.  Up  tu  68  diameters,  steel 
and  Al  dishes  gave  effective  jets.  Calculated  re¬ 
sults  agreed  with  observation  that  beyond  a  cer¬ 
tain  aistar.ee,  fragment  jets  might  show  better 
persistence  than  fluid  jets  from  the  same  liner 
shape. 

L135 

Armament  Research  Department  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  MAGNETIC 
ANTITANK  GRENADE.  June  1943,  2p.  diagr. 

(ARD  Explosives  rept.  no.  136/43;  OSRD  Liaison 
Office  H-5-4696)  Unclassified 

A  general  examination  and  an  analysis  of  the  ex¬ 
plosive  components  of  this  grenade  are  reported. 

The  60°  mild  steel  liner  was  2  mm.  thick.  It  ts 
estimated  that  the  weapon  will  penetrate  110  mm. 
of  homoplate  (IT  BO)  and  have  considerable  effect 
behind  the  target. 

21 
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Armament  Research  Department  iCt.  Brit.). 

GERMAN  MAGNETIC  HAND  [ANTITANK]! 

GRENADE  (HOLLOW  CHARGE).  July  1943,  2p. 
illus.  (ARD  Metallurgical  rept.  no.  188/43; 

03HD  Liaison  Office  II-5-5013)  Unclassified 

Results  ol  a  metallurgical  examination  of  thlo 
weapon  are  reported. 

LIST 

Armament  Research  Department  (Gt.  Brit.). 

THE  PERSISTENCE  OF  MUNROE  JETS.  AT¬ 
TACK  ON  SPACED  (MULTIPLE)  PLATE  TAR¬ 
GETS.  PART  R,  by  A.  R.  Ubbeiohde.  July  1943, 

17p.  Incl.  tables,  diagrs.  (ARD  Explosives  rept.  j 
no.  191/43;  AC  4491,  July  30,  1943;  Phys/Ex.401^ 
OSRD  Liaison  Office  WA-99R-41)  Confidential 

The  investigation  was  carried  out  to  obtain  more 
accurate  comparisons  of  performance  against 
spaced  plate  iargets  ol  jets  from  steel  hemispheres 
and  45°  and  80“  steel  liners.  For  normal  attack 
In  the  absence  of  disturbing  factors  such  as  air 
spaces,  the  narrower  jets  from  charges  of  the 
same  weight'  penetrated  a  greater  thickness  of 
steel  than  the  wider  Jets.  Comparison  of  the  total 
amounts  of  steel  penetrated  when  the  thickness  of 
the  plates  was  progressively  decreased  indicated 
that  there  was  a  loss  of  energy  at  the  discon¬ 
tinuities,  other  than  that  associated  with  the 
punching  out  of  fragments  from  the  targets.  In 
the  case  of  attack  at  45°,  the  energy  losses  al  the 
discontinuities  were  greater  than  the  normal  at¬ 
tack  with  the  jet  from  the  80°  liner,  and  still 
greater  with  the  45“  liner,  while  the  jet  from  the 
hemisphere  was  not  appreciably  affected,  tt  was 
noted  also  that  the  distribution  of  fragments  ap¬ 
peared  to  be  about  the  same  with  the  3  jet  types 
investigated.  The  angle  ol  scatter  decreased  as 
the  energy  of  the  Jet  became  spent.  Bright  metal¬ 
lic  deposits  were  formed  on  both  the  upper  and 
lower  sides  of  the  plates;  when  these  deposits 
formed  on  a  layer  of  asbestos,  they  seemed  to  be 
composed  of  metal  (steel)  sohores  ranging  from 
2  x  10**  Lo  2  x  ID’5  cm. 
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Armamen*  Research  Department  (Gt.  Brit.). 

COMPARATIVE  FRAGMENT  DAMAGE  BEHIND 
ARMOR  PENETRATED  BY  JETS  FROM  HOL¬ 
LOW  CHARGES  CONFINED  IN  VARIOUS  WAYS, 
by  W.  M.  Evans.  Oct.  1943,  4p.  tables,  diagrs. 

(ARD  Explosives  rept.  no.  337/43;  AC  5260, 

Dec.  1,  1943;  SC.  60,  OSRD  Liaison  Office 
WA-1331-7)  Secret 

The  investigation  was  Lo  determine  whether  the 
mass  and  strength  of  the  confining  tube  influenced 
(he  damage  to  the  plate  when  it  was  easily  pene¬ 
trated,  and  the  fragment  damage  behind  the  pene¬ 
trated  plate.  Charges  with  80“  mild  steel  liners, 
confined  in  various  ways,  were  fired  at  30“  normal 
and  at  a  slandnff  nf  2.  5  in.  from  the  main  target 
piate,  Results  showed,  for  damage  in  main  armor 
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plate,  that  the  hole  diameter  Increased  up  to  a 
limiting  value  with  increase  In  lateral  confinement 
ol  the  explosive  and  depended  not  only  on  the  maso 
but  or.  the  strength  of  the  confining  will.  Ap¬ 
proximately  the  same  hole  diameter  was  produced 
by  a  thick-walled  mild  steel  charge,  as  by  a 
similar  but  thin-walled  charge  of  the  same  ex¬ 
ternal  diameter  but  with  explosive  diameter  In¬ 
creased  by  about  20%.  For  fragment  damage 
behind  the  main  armor  plate,  the  damage  tended 
to  increase  with  increase  in  confinement  of  the- 
explosive.  Damage  was  somewhat  less  when  pro¬ 
duced  by  a  thick-walled  mild  steel  charge  than 
for  a  similar  but  thln-valled  charge  with  explosive 
“lameter  increased  about  20%. 
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Armament  Research  Department  (Gt  Brit  ) 
l'[U3Ej  DAMAGE  ON  ARMOR 
Ly  T-  Nash  and  A.  R.  Ubbelohde.  Oct. 
1943,  2p.  diagrs.  (ARu  Explosives  rept. 
no.  3611,43;  AC  5398,  Dec.  20,  1943-  SC  6*- 

OSRD  Liaison  Office  WA-1388-12B)'  *  Secret 

An  Investigation  was  made  of  the  damage  to  armor 
plate  by  simple  contact  action  of  HE  when  a  circu¬ 
lar  cut  was  first  made  in  the  armor.  Simplified 
cutting  lube  charge  heads  were  used.  Damage  was 
observed  in  experiments  using  40-  and  50-mm. 
homo  armor  plate,  and  at  standoffs  of  0.  5  and  3  in. 
irom  the  target.  Fluid  liners  of  93:7  JPb-Sb  were 
compared  with  conical  steel  liners,  steel  dishes, 
and  with  Mark  E  charge  heads.  Damage  from  a  blow 
transmitted  to  armor  from  a  flat  ended  charge  was 
enhanced,  if  the  edge  of  the  charge  was  shaped  so 
as  to  provide  a  cutting  tube.  This  formed  a  clrcu- 
crack,  and  allowed  the  following  blast  to  push 
the  central  plug  forward  against  less  resistance 
than  In  the  absence  of  the  crack.  The  armor  thick¬ 
ness  penetrated  under  comparable  conditions  de¬ 
pended  on  the  radius  of  this  cutting  tube.  When 
penetration  occurred,  the  central  plug  was  pushed 
forward  as  a  projectile.  A  rept.  Is  appended  on  the 
use  of  simplified  3-in.  cutting  tube  charge  heads. 
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Armament  Research  Department  (Gt.  Brit). 

THE  INITIATION  OF  NOSE  FUZFD  HOLLOW 
CHARGE  SHELL.  A  NEW  PRINCIPLE  EX¬ 
EMPLIFIED  by  modifications  to  the 

n°\«24,3  ™ZE  “AG*™*®,  by  W.  E,  Soper  and 
H.  M.  Laidier.  Oct.  1943,  4p.  diagro.  (ARD 
Explosives  rept.  no.  328/43)  Secret 

The  investigation  was  concerned  with  a  method  by 
which  a  concentrated  mass  of  fragments  could  be 
ejected  ;rotn  the  base  of  the  no.  243  fuze.  The 
method  was  to  weaken  the  end  confinement  of  the 
magazine  pellet  at  the  center  by  drilling  a  hole 
through  'he  magazine  cap.  The  hole  was  then 
Wked  by  a  disc  of  thin  brass  immediately  in  coa- 
rnct  with  the  magazine  pellet.  This  modification 

c'fect  of  canalizing  the  energy  emitted 
frozzi  the  b<ise  of  the  fuze. 
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Armament  Research  Department  (Gt.  Brit.). 

mechanism  of  jet  formation,  the  hole 

OF  FRAGMENTS  IN  MUNROE  JETS.  PART  I,  ly 
G.  E.  Roberts  and  A.  R.  Ubbelohde.  Dec.  1943, 
24p.  inch  illuB.  tables,  diagrs.  (ARD  Explosives 
rept.  no.  412/43;  AC  6025,  Mar.  30,  1044;  SC.  77: 
OSRD  Liaison  Office  WA-1918-3a)  Secret 

Fragments  in  jets  formed  from,  mild  steel  linero 
were  investigated;  the  distribution  of  fragment 
size'j  as  a  function  o<  thickness  and  shape  of  the 
liner,  and  the  extent  of  thermal  and  chemical 
Interaction  between  the  fragments  and  explosion 
products  were  determined.  Various  methods  wero 
examined  for  collecting  the  complete  range  cd 
fragments  from  liners.  Appendixes  are  fncludetf  os 
the  role  of  fragments  in  jets,  curreni  theories  cf 
Jet  formation,  and  a  metallurgical  examination  of 
fragments. 
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Armament  Research  Department  (Gt.  Brit.). 
PERFORMANCE  OF  THE  3-IN.  ClUTTINGl 
TfUBE]  CHARGE  HEAD,  by  T.  Hash  and 
A.  R.  Ubbelohde.  Dec.  1943,  5p.  diagrs.  (ARD 
Explosives  rept.  no.  271/43;  AC  5572,  Jan.  17. 
1944;  SC.  66;  OSRD  Liaison  Office  WA-1569-17) 

Secret 


Experiments  were  performed  to  measure  the 
limits  of  performance  of  a  selected  design  of  elit¬ 
es  tube  charge  head  on  the  3-In.  diameter  scale; 
T.m  3-in.  Mark  E  design  backed  by  2.  25-lb.  PE 
penetrated  40  mm.  at  normal,  40  mm,  at  IS” 

35  mm.  at  22.  5°,  and  27  mm.  at  30°.  The  large! 
hole  aperture  was  3.4  in.  Compared  with  an  or¬ 
dinary  shaped  charge,  the  cutting  tube  head 
operated  close  in  to  the  target,  cooperated  with 
the  blast  from  the  sides  of  the  cliarge,  and  oc¬ 
cupied  considerably  less  explosive  space  In  the 
charge  than  deep  shaped  charges.  Shaped  charges 
designed  io  give  greater  penetration  gave  holes  of 
smaller  aperture  and  pushed  the  target  metal  asldo 
instead  of  punching  it  forward.  Fuze  svste*U5 
were  less  likely  to  interfere  with  cutting  tube  per¬ 
formance  than  with  shaped  charges.  Underwater 
penetration  tests  bhowed  cutting  iube  charges 
superior  to  regular  shaped  charges.  It  was  con¬ 
cluded  that  these  charges  might  be  useful  In  this 
respect,  and  particularly  in  enhancing  the  effect 
of  ordinary  charge  heads. 
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Armament  Research  Department  (Gt.  Brit.). 
PROPOSAL  FOR  A  "CUTTING  TUBE"  WAR- 
by  T-  Nash  and  A.  R.  Ubbelohde.  Dec. 

“  3p.  diagrs.  (ARD  Explosives  rept. 

no.  4*1/  43;  OSRD  Liaison  OHice  WA- 1628-11) 

Secret 

A  proposal  is  made  that  cutting  tube  charges  bo 
mted  into  torpedo  warheads.  The  cutting  tube 
head  Is  compared  with  the  Monroe  head,  and  th» 
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comparison  Is  decidedly  favorable  to  the  cattion 
tube  charge.  The  advantages  are  reported  sa: 

(I)  able  to  act  in  contact  with  the  target;  (2)  loss 
of  explosive  space  not  more  than  abuut  5%;  (3)  func¬ 
tioning  not  disturbed  by  an  exploder  system  along 
the  axis  of  the  charge;  (4)  metal  from  target 
punched  forward  as  large  fragments  capable  of 
useiul  damage  and  the  bole  is  equal  to  the  diameter 
of  the  charge  head;  and  (5)  the  penetrating  power 
against  armor  plate  Is  up  to  0.  55  diameters  of  the 
charge  head. 


Armament  Research  Department  (Gt  Brit  ) 

PENETRATION  BY  MU-NROS  JETS,  by  E.  HiU 
and  oil, ore.  Jan.  1944,  8p.  (ARD  Theoretical 

sc  2/t4;„AC  57S6-  Fch-  I8- 

£K..  li.,  OSRD  Lfaison  Office  WA-I670-8) 

Secret  . 

TheoreticaJ  considerations  of  penetration  in  steel 
other  materials  by  jets  are  reviewed.  A 
formula  for  depth  of  penetration  was  derived  from 
^hich  it  was  concluded  that  the  penetration  depth 
was  ^dependent  of  jet  velocity  and  dependent  only 
on  the  jet  leng.h  and  density.  The  cross-sectional 

stress  i!iedCi  ater,dcp0nd0(1  «fi»«itlally  on  the  flow 
f"esf'  aad  experiments  with  materials  of  dlf- 

f  similar  densities  were 

Sit  ^  to  dEle,fm^e  relation  between  these 
q  antities.  For  <iUiu  ana  fragment  jets,  it  was 
suggested  that  the  crater  produced  by  a  jet  of  given 
"  y-  df“tt7  linear  dimensions  would, 
for  h.gh  velocities,  be  Independent  of  jet  material- 
the  effect  of  different  lineri  must  be  solemn  the' 
dimensions  and  velocity  of  the  jet  formed/ 


Respa™h  Department  (Gt.  Brit.) 

THE  ACTION  OF  FLUID  MONROE  JETE 
AGAINST  SPACED  TARGETS.  MULTIPLE 

?^i»«A-isETf-  rART 

Feb.  1044,  lOp.  incl.  tables,  diagrs.  (ARD 
Explosives  rept  no.  513/44;  AC  6362,  May  22. 

M-sur/if-  ss,:sc-m-osm> 

Secret 

o™V^ientl°n  ***,  made  *°  ^lermlne  the  action 
of  Huid  Jets  on  spaced  targets  composed  of  multiple 
plates  mild  steel,  armor  plate,  or  in  come 

uenef’  .*/  P'ate’  A  comPar)sori  was  made  of  the 
penetration  power  of  fluid  jets  against  spaced 
targets  with  that  of  persistent  jets  from  steel 
liners.  The  scatter  of  particles  behind  the  plates 
was  Compared  with  that  cf  stee,  ^  ^ 

formation  is  presented  on  the  mechanism  of  jet 

penetrative  power;  21111  °"  *h°  CffCC*  °l  Sta^ldc’,,  (m 


Armament  Research  Department  (Gt.  Brit  ) 

COMPARATIVE  FRAGMENT  DAMAGE  DERTm 
ARMOR  PENETRATED  BY  JETSFROM 
^ARI?Uf  HOLLOW  CHARGES,  by  W.  M.  Evann. 
Feb  1944,  16p.  tncL  tables,  diagrs.  (ARD' 
Explosives  rept.  no.  529/44;  AC  0196  Anr  ?«; 
1944;  SC.  83;  OSRD  Liaison  Office  WA-2096-26)’ 

Secret 

An  investigation,  using  45=  and  80’  brass,  Al,  and 
CJ“  wa?  raado  ,0  Bain  informailon  on  the 

^  *r3FrlCr't  41  &eMnd  armor  de- 
realed  by  shaped  charges  with  bases  of  various 

k  P!f.a!;d  w,th  variou&  metal  liners.  Results 
Si  n,*/  nU“bCr  0{  fragments/unit  cono 
angle  of  scatter  of  fragments  diminished  rapidly 

80’  Tharf*  te|/neIe’  the  ma-|on',y  lying,  within 

-  Charges  with  steel  liners  gave  better  per- 
“U®  thosc  Cd  liners.  The  damage 
by  deep  strikes  was  greater  for  particle  than  for 
fluid  jets  The  residual  particle  jet  was  more 
Ptrsisienl  than  (he  residual  fluid  jet. 


Ar/n^ i,fbc:;rcfl  Department  (a.  Brit.). 

PERFORMANCE  OF  DEEP 

9°!IES'  b?  A-  R-  Ubbelohde.  Mar. 

rem  '  no'  6s?/44tab^S«dia£rS-  (ARD  Explosives 
rept.  no.  551/44;  AC  6304,  May  10  1944-  t  qi. 

OSRD  Liaison  Office  WA-2174-19)  ’  '  Secret 

The  investigation  was  made  to  obtain  experimental 
performance  of  liners  sur- 
or  by.a,be11  ci  <*Ploslve and  meeting  the  end 
of  the  steel  charge  casing  at  a  flat  edge  compared 

anrie-  the8  "T*'"8  ,h°  charge  CMin« a‘  a  sharp  * 
angle,  the  performance  of  19°  liners  of  uniform 

thickness  compared  with  19°  liners  tapering  in 

nP!rfkn-eSS  towaJds  the  aPe?r;  and  the  comparative 
performance  or  uniform  19°  and  45°  liners  It 
was  concluded  that  whenever  design  permitted  the 
Munroe  hollow  should  extend  to  the  edge  of  the 
c  rpe  casing  to  give  it  the  maximum  effective 
diameter;  With  targets  at  1  diameter  standoU 

S'lSiT?  3  ■?CarCd  t0  Eive  Performance 

an  liners  of  uniform  thickness.  Test  results 
showed  that  although  fair  performance  nould  be 
obtained  from  the  tapered  19°  liners,  more  regular 
and  more  effective  damage  was  obtained  with  45° 

ssnr4  «“■*•”» 


Arl?nv.^nI  Rcscarcfl  Department  (Gt.  Brit  ) 

muSe  /etI  LE?TL  damage>rom 

MUNROE  JETS,  by  A.  R.  Ubbelohde.  Mar  1944 

nnP'/fiC/4  ,  dlaEr-  (ARD  Explosives  rept.  ' 

WA-274B-14)  6839''  SC' 151:  03KD  Liaison  °”lce 

Comidcntlal 

Daia  were  formulated  from  a  statistical  range  ol 

7,7  *"«* « ■ “w.  ^  iSsTo  L 

V'.pefral1 1  ejdy  comparison  of  damage  bv 
specific  designs  Incorporating  shaped  c.hLges,  Shun 
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measuring  the  efficiency  of  the  design;  and  (Z)  e.om- 
^  the  Penetration  from  a  given  weight  of  charge 
with  the  damage  by  AP  shot  of  the  same  weight, 
-omparisons  were  based  cn  penetration  and  entry 
diameter  of  the  holes  produced. 


Armament  Research  Department  (Gt.  Brit.). 

GERMAN  3.7-CI,I.  PAK  MUZZLE-STICK  BOMB, 
mrli  1V4’J'P'  ,nc,-/ iIIns-  di?er-  (ARD  Metal- 
WA  t flavin  P°-  G9/44;  OSRD  Liaison  Office 

Unclassified 

Results  o!  a  metallurgical  examination  of  an  emptied, 
unfired  muzzle-stick  bomb  are  reported. 


Armament  Research  Department  (Gt.  Brit.). 

no^?Ji^TI0N  0F  ARM0R  by  high  velocity 
-  RO.  ECTILES  AND  MUNROE  JETS  by  R  Hill 
ar.d  oihers.  Mar.  1944,  20p.  {ARD  Theoretical 
research  rept.  no.  13/44;  AC  6024,  Mar.  30,  1944- 
SC.  76;  OSRD  Liaison  Office  WA-1769-ll)  ’ 

Secret 

Jet  penetration  Is  discussed,  consideration  being 
given  to  a  jet  of  liquid  or  solid  metal  with  negli¬ 
gible  flow  stress  for  the  latter  case,  and  to  a  Iratr- 
ment  jet  which  breaks  up  on  impact.  A  study  was 
made  of  the  Jet  density  as  compared  with  the  liner 
density.  Calculations  are  included  for  loss  of 
energy  to  target  material  and  hole  volume  It  13 
penetration  depth  is  proportional  to  the 
jet  length  and  depends  on  the  density  of  the  metal 
■Wh2*1-  D"  the‘a "  density.  This  penetration 

epth  Was  found  1  .  almost  independent  of  Jet 
je.twity  and  yield  strength  of  Hie  target,  which  are 
lactors  determining  the  hole  volume. 


Armament  Research  Department  (Gt.  Brit.). 

PENETRATION  OF  PRE-HOLED  TARGETS  WITH 
APPLICATION  TO  AP  SHOT  InD  BOMB  E 
by  H.  L.  Porter  and  W.  M.  Evans.  Mar  1941 
(ARD  Explosives  rept. 

M,»3'  ,3i,;0a'° 

*  Secret 

The  Investigation  wap  undertaken  to  find  how  the 
wo.^done  by  a  bullet  forced  slowly  through  a  pre- 
holed  plate  varied  with  the  hole  diameter,  and  to 
apply  the  knowledge  to  increase  the  penetrative 
power  of  solid  shot  and  AP  bombs  by  placing  a 
shaped  charge  in  front  to  pre-hole  the  target  It 
‘hat  Whcn  the  dia™‘er  of  the  pre- 
r;e  “c  ,s  haR  ‘hat  of  the  bullet,  the  reduction 
^  work  done  compared  with  that  for  plain  discs  is 

SECRET 


Ar“‘  Research  Department  (Gt.  Brit  ) 

A  ROCHET  FOLLOW-THROUGH  PROJECTILE, 

3n  i'nrT  Por,er  W-  M‘  Evnns-  Mar.  1044, 

3  Kr3'  (AKD  Explosives  rept. 

osrd  nil 1  ACJo10’  Apr-  27,  1944;sc-es; 
OSRD  Liaison  Office  WA-2036-11)  Secret 

i^r'?1Cn  ‘S  given  of  a  Em=H-scale  model 
n-^edf»h::rEe  bon,b  Which  had  a- follow -through 
tha t  prop.t!Ie^  as  a  rocket.  Trials  indicates 

work  successfuUy.  W‘‘hr0Ugh  Pr°jCCtlJC  WouW 


Armament  Research  Department  (Gt.  Brit.) 
APPLICATION  OF  THE  FOLLOW-THROUGH 
PRINCIPLE  TO  MM*,  ft.,.  t. 
w.  M.  Evans.  Apr.  1944,  10p.  incl.  ilfua. 
diagr  (ARD  Explosives  rept.  no.  567/44- 
AC  6393,  May  26,  1944;  SC.  96)  '  ’  Secret 

Ilif,1S,Terf  Carried  out  with  modified  25-pounder 
shel  s  fired  statically  against  I.  25-in.  mild 

()4laleS‘  Irla!s  were  made  al3°  w‘th  modi¬ 
fied  9  5 -mm.  shells  on  targets  of  60- mm.  homo 

steel.  The  shell  front  consisted  of  a  shaped 
charge  in  the  form  of  a  3 -In.  mild  steel  smooth 
0  e  cone  for  the  25-pounder  shell,  and  a  45“ 
mild  steel  liner  as  used  in  the  3.7  shaped  charge 

rear  of* the° mm‘  both  cases  the  ' 

rear  of  the  charge  was  in  the  form  of  an  89“  liner 

renTrJf  f0r»‘he  25'poundcr  shell  showed  that  with* 
central  ignition  01  the  propellant,  a  hole  1  45  in. 

“  dlamCtf  made  ln  the  2£-in.°target  by1" 
'hES  ,aped  frEe:  the  Sh0t  I^ssed  through  Ui7 
hole  and  penelrated  12  in.  of  sand,  2  Sn  pMte 

them  tl1”'  01  e3rth-  Dclonatio"  Bases  from 

walls  of  the 5k  ^3PCd  Charge  SWep‘  down  the  ,nrler 
;  }  °0l  Hi  ?he11  cases>  v'o‘ently  squeezing  i„  the 

k  For  hp  "  Par*  “  ,he  Eun  tube-  and  severing 
I*’  F  be  95-mm.  shell,  with  central  ignition 
rf  propellant,  :he  hole  produced  in  the  60-mm. 
homo  s.eei  target  was  less  than  the  diameter  of  the 
shot.  It  was  concluded  that  the  follow-through 
S  be  applied  successfully  to  the  shell 

of  an  8D“  °f  the  HK  wasinthoform 

,•  j!ner  l-1  Exert  the  minimum  detonative 
actmn  on  the  nose  of  the  shot  and  muzzle  of  the 

S  explosive?00  Sh°Uld  ^  ,r°m  thE  rear  ol  the  ' 


Armament  Research  Department  Pri*  \ 

COMPARISON  OF  FUNCTiStoS  OF  HOLLOW 
CHARGE  AND  FRAGMENT  TYPE  t,T2ES  BY 

f^Ha™  D,?GRAPHY'  *■  static SSiTm 

SJ®;.  Apr-  ,19^-  lOp.  incl.  Ulus,  dlagra. 

MfiVnonr5  rept'  n°‘  94/44:  AC  6S2of 
SC.  105,  OSRD  Liaison  Office  WA-250D-I9) 

Secret 

Flash  radiographs  were  made  to  study  the  shaped 
Charge  and  fragment  types  of  fuzes.  The  shaped 
charge  type  projected  a  thin  jet  (about  0  06-in. 
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diameter)  along  its  axis,  the  front  of  the  'e*  having 
a  velocity  of  the  order  of  4  x  105  cm. /sec.  In  the 
fragment  type,  the  fragments  ol  the  magazine  wall 
were  projected  radially  with  a  velocity  cf  about 
1. 2  x  10  cm.  /sec.  which  was  less  than  half  the 
ve.oclty  of  the  head  and  about  3  times  the  radial 
velocity  from  the  corresponding  fragments  of  the 
shaped  charge  type,  ft  was  thought  that  the  dif¬ 
ference  was  due  lo  the  metals  of  the  Z  fuzes  (Al 
alloy  for  the  fragment  type  and  trass  for  Ihe 
hollow  charge  type),  and  to  the  difference  ht  charge 
weight,  b 
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A  study  was  made  of  the  interaction  between  metal 
fragments  and  explosion  products  in  jets  In  order 
to  throw  light  on  the  mechanism  of  Jet  formation. 
Test  results  showed  very  extensive  dust  formation 
from  particulate  liners,  much  more  than  from 
miid  steel  liners  of  the  same  shape.  The  surface 
of  recovered  particles  showed  marked  erosion  with 
pits  and  projections.  The  introduction  of  a  damping 
material  between  the  particulate  liner  and  the  ex¬ 
plosive  charge  lessened  cJcst  formation.  Nitrida- 
tion,  although  affected  little  by  the  liner  shane, 
was  reduced  when  a  damping  material  was  us  wi 
between  the  explosive  and  the  particulate  liner. 


Armament  Research  Department  (Gt.  Brit.). 
EXPERIMENTS  ON  EMERGENT  CONED 
CHARGES  DETONATED  IN  STEEL  TUBES  by 
H.  L.  Porter  and  W.  M.  Evans.  Ajir.  1244,'  12p. 
Inch  diagrs.  (ARD  Explosives  rept.  no.  558/44’ 
AC  6107,  Apr.  30,  1944;  Phys/Ex.  542;  SC  87- 
OSKD  Liaison  Olflce  WA-20sd-i7)  Secret 

A  study  was  made  of  the  fragmentation  and  con¬ 
finement  of  charges  in  steel  tubes.  The  charges 
were  initiated  at  the  liner  apex  (apex  Initiation)  or 
at  the  end  remote  from  the  zp^r.  (base  initiation) 
so  that  the  influence  of  the  direction  of  propaga-’ 
lion  of  detonation  could  be  studied.  It  was  con¬ 
cluded  that,  for  shaped  charges  where  the  in¬ 
fluence  of  the  rear  ef  the  charge  is  to  be  reduced 
to  a  minimum,  initiation  should  be  from  the  roar. 
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Armament  Research  Department  (Gt.  Brit.) 

THE  MECHANISM  OF  JET  FORMATION;  ON 
SCALE  LAWS  FOR  LININGS  TO  MUNROE 
CHARGES  PART  i.  FLUID  LININGS,  by  T.  Nash 
and  A.  R,  Ubbelohde.  Apr.  1944,  6p.  inch  table, 
diagrs.  tARD  Explosives  rept.  no.  572/44; 

1  to  MA  London  rept.  no.  69885:  AC  6366.  May 
23,  1944;  SC.  94)  Secret 

Theoretical  and  experimental  evidence  Is  reviewed 
which  suggests  that  Lhe  thickness  cl  the  liner  for 
slipped  charges  should  scale  with  the  diameter  of 
the  hollow  at  any  zone  perpendicular  to  the  axis 
of  the  hollow  Measurements  of  target  damage 

w  m  ccntain;ne  3-in-  diame- 

er  80  Ph-Sb  and  uniform  liners  heavily  confined 
showed  that  tapered  liners  gave  increased  pene¬ 
tration  but  approximately  the  same  crater  volume. 
Test  results  are  tabulated  and  diagrams  illustratini 
the  tapering  scale  are  included. 
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Armament  Research  Department  (Gt.  Brit.). 

MECHANISM  OF  JET  FORMATION.  THE  ROLE 
OF  FRAGMENTS  IN  MUNROE  JETS.  PART  II 
THE  INTERACTION  BETWEEN  FRAGMENTS 

,  e-  Apr‘  1944>  7P-  lllus. 

(ARD  Explosives  reel  no.  568/44-  AC  6305 

May  10,  1944;  Phys/Ex.  553;  SC.  92-  OSRD  ’ 

Liaison  Office  WA-214G-12)  ’  Secret 
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Armament  Research  Department  (Gt.  Brit.). 

ALUMINIZED  FILLINGS  rN  HOLLOW  CHARGES. 
PART  I.  1  3/8-IN.  DIAMETER  CHARGES  WITH 
HEAVY  CONFINEMENT  (CHARGE/WEIGHT 
RATIO  0. 2),  by  W.  M.  Evans  and  A.  R.  Ubbelohde 
May  1944,  2p.  tables,  diagrs.  (ARD  Explosives 
rept.  no.  586/44;  AC  6146;  Phys/Ex.  561;  SC. 98- 
OSRD  Liaison  Office  WA-2272-2)  Secret 

Mild  steel  liners  in  the  shape  of  80°  cones,  hemi¬ 
spheres,  and  spherical  dishes  were  backed  by 
50/50  RDX/TNT,  Torpex  H,  Mlnol,  and  PE,  and 
the  damage  in  massive  mild  steel  targets  was 
compared  at  standoffs  of  1  diameter,  1.  5  diam¬ 
eters,  and  Z  diameters.  AJ  particles  of  the  size 
range  present  In  Torpex  n  and  Minol  n  did  not 
appear  to  react  in  time  to  impart  energy  to  Jets 
from  !  3/3-in.  diameter  charges  with  60  g.  of 
explosive.  The  lime  cf  energy  release  from  such 
particles  was  estimated  as  greater  than  about 
10  psec. 

LI59 

Armament  Research  Department  (Gt.  Brit.). 

THE  EFFECT  OF  CONFINEMENT  ON  JET 
FORMATION  FROM  HOLLOW'  CHARGES  by 
W.  M.  Evans.  May  1944,  9p.  tables,  diagrs. 

(ARD  Explosives  rept.  no.  583/44-  AC  6484' 
Phys/Ex.  560;  SC.  90;  OSRD  Liaison  Office  ’ 
WA-2315-17)  Secret 

The  investigation  was  to  determine  why  damage 
should  increase  with  increased  confinement,  and 
how  damage  was  related  to  the  physical  properties 
of  the  confining  walls.  PE  charges,  1  3/8  in.  in 
diameter  were  fired  normal  to  the  target.  The 
damage  (volume)  increased  with  mass/unit  area  of 
metal  confinement  of  the  charges.  Confinement 
by  mild  steel,  Pb  cast  Fe,  and  duralumin  of  the 
same  weight  was  equally  effective.  Penetrations 
from  charges  with  conical  liners  did  not  change 
appreciably  with  mass  of  confining  tube,  while 
charges  with  hemispherical  liners  showed  a  definite 
Increase  with  such  confinement.  Damage  was  less 
when  produced  by  a  (hick-walled  BO*  charge  than 
by  a  similar  thin-walled  charge  with  the  diameter 
of  explosive  Increased  by  approximately  20%;  this 
was  not  true  of  comparable  46°  charges.  It  wao 
concluded  that  the  increase  In  damage  with  con¬ 
finement  of  lined  charges  was  due  to  the  greater 
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pressure  exerted  on  the  liner  ■which  collapsed 
more  rapidly,  thus  producing  a  primary  jet  ol 
increased  mass  and  velocity;  and  the  Increased 
pressures  applied  to  the  wails  of  the  collapsed 
liner  which,  having  a  liquid  core,  was  squirted  out 
as  a  secondary  jet  with  an  increased  mass  and 
velocity. 

L1OT 

Armament  Research  Department  (Gt.  Brit.). 

A  REVIEW  OF  CERTAIN  ASPECTS  OF  RE¬ 
SEARCH  ON  MUNROE  JETS,  by  D.  C.  Pack. 

May  1944,  lip.  (ARD  Theoretical  research 
survey  no.  1/44;  AC  6554;  Phys/Ex.  5G7;  SC.  103; 
QSHD  Liaison  Office  WA-2320-24)  Secret 

This  rept-  summarizes  work  carried  out  in 
Great  Britain  and  In  the  United  Stales  on  funda¬ 
mental  aspects  of  Munroe  Jets,  3  theories  ol  jet 
formation  (shock  wave,  hydrodynamic,  and  spal¬ 
ling  theories),  damage  by  Jets,  and  the  action  of 
cutting  tube  charges. 

L1G1 

Armament  Research  Department  (Gt.  Brit.). 

CONVERGENCE  PHENOMENA  IN  MUNRCE  JET 
PENETRATION,  by  D.  C  Pack.  June  1944,  7p. 
(ARD  Theoretical  research  rept.  no.  25/44; 

AC  G608;  SC.  ID4;  OSRD  Liaison  Cilice  WA-2615-9) 

Secret 

When  a  shaped  charge  la  given  diminishing  stand¬ 
off  below  that  required  for  proper  convergence  ol 
the  jet,  it  is  characteristic  of  attack  on  massive 
targets  that  the  penetration  falls  away  from  the 
optimum,  and  at  the  same  time  a  bulge  is  observed 
inside  the  hole  made  in  the  target.  This  rept. 
shows  how  the  different  results  may  be  correlated, 
on  the  assumption  of  a  physical  model  In  which  the 
jet  contracts  until  It  reaches  a  cylindrical  con¬ 
verged  state. 


L1B2 

Armament  Research  Department  (Gt.  Brit.). 

GERMAN  HOLLOW  CHARGE  ANTITANK  HAND 
GRENADE,  PAN2ERWURFMINS  (L).  June  1344, 
8p.  incl.  Ulus.  (ARD  Explosives  rept.  no.  3/44: 
CSRD  Liaison  Office  WA-2514-4)  Restricted 

An  outline  is  given  ol  the  construction  and  results 
of  an  examination  cl  2  incomplete  specimens  of  the 
Panzer  wurfmine. 

LI  63 

Armament  Research  Department  (Gt.  Brit.). 
UNDERWATER  PENETRATION  BY  MUNROE 
JETS,  by  D.  C.  Pack.  June  1944,  3p.  (ARD 
Theoretical  research  rept.  no.  20/44;  Inclosure 
1  to  MA  London  rept.  no.  933-44;  AC  6553; 
Phys/Ex.  5CG;  SC.  102;  OSltD  Liaison  Office 
WA- 2320-23)  Secret 


A  formula  was  obtained  for  penetration  of  a  jet 
into  a  composite  target,  l.e. ,  lor  a  target  con¬ 
sisting  of  steel  with  a  given  depth  of  water  coves'- 
Ing  it. 
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Armament  Research  Department  (Gt.  Brit.). 

FOLLOW-THROUGH  AP  BOMB,  by  H.  L.  Porter 
and  W.  M.  Evans.  July  1944,  2p.  tables,  dJagiG- 
(ARD  Explosives  rept.  no.  '86/44;  AC  7110, 

Oct.  9,  1944;  SC.  113;  OSRD  Liaison  OHice 
WA-2985-7)  Secret 

Scale  models  were  tested  of  a  design  ol  afollos- 
fh rough  AP  bomb.  In  this  design,  there  was  the 
problem  of  keeping  the.  c.  g.  of  the  composite 
bomb  wilhin  0.4  of  the  over-all  length  from  the 
nose  to  maintain  flight  stability.  Tests  were  amis 
to  determine  how  the  rear  liner  thickness  af¬ 
fected  the  velocity  of  projection  of  the  AP  bomb 
and  how  the  thickness  influenced  the  damage  on 
the  nose  of  the  AP  bomb.  Test  results  arc 
tabulated. 
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Armament  Research  Department  (Gt.  Brit.). 
VELOCITIES  OF  JETS  FROM  MUNROE 
CHARGES.  PRELIMINARY  REPORT,  by 
W.  M.  Evans.  July  1944,  2p.  (ARD  Exploalyeo 
rept.  no.  G18/44;  AC  5307;  SC.  110;  OSRD  Liaison 
Olfice  WA-2684-8)  Secret 

The  investigation  was  undertaken  to  determine  tho 
Jet  velocities  from  shaped  charges  with  80°,  130”, 
180°  (flat),  and  spherical  liners  of  steel  and  Cd; 
the  test  results  are  tabulated.  For  Cd  liners, 
the  velocity  of  the  dtshed  cap  was  about  400  m.  /sec. 
greater  than  that  for  the  flat  disc.  For  steel 
liners,  the  velocity  of  the  dished  cap  was  000 
m./scc.  greater  than  that- for  the  flat  dlBC. 
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Armament  Research  Department  (Gt.  Brit.). 
CAVITATION  PHENOMENA  IN  DUCTILE 
MATERIALS  AND  THE  DYNAMIC  TERM  IN  THE 
RESISTANCE  TO  PENETRATION,  by  R.  B11L 
Aug.  1944,  lip.  Incl.  diagrs.  (ARD  Theoretical 
research  rept.  no.  34/41)  Restricted 

Dy  cavitation  In  ductile  materials  during  pene¬ 
tration  by  a  projectile  Is  meant  Lhe  occurrence  of 
a  hole  of  width  greater  than  the  projectile  caliber. 
The  critical  velocity  was  worked  cut  for  an  ogive 
of  certain  c.r.  h.  [caliber  radius  head].  The  onset 
of  cavitation  was  associated  with  the  appearance 
of  a  true  dynamic  term  which  represented  the 
energy  used  in  making  the  hclc  wider  than  the 
projectile.  Tho  term  was  calculated  for  various 
head  shapes,  and  was  found  to  be  sensitive  with 
Increasing  caliber  radius  head. 
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Armament  Research  Department  (Gt.  Brit.). 

A  COMPARISON  OF  THE  PERFORMANCE  OP 
THE  BB-MM.  RAKETEN  PAN ZEREUCHSE  43, 
THE  BRITISH  9 5 -MM.  HEAT  SHELL  AND  THE 
PIAT  UNDER  STATIC  FIRING  CONDITIONS,  by 
W.  E.  Soper.  Aug.  1944,  Bp.  incl.  tables,  (ARD 
Explosives  rept.  no.  G2B/44)  Secret 

A  comparison  of  performance  was  made  of  the 
PIAT  filled  with  50/50  RDX/TNT  and  fuzed  with, 
a  no.  426,  the  95-mm.  HEAT  shell  filled  with 
Pen.  D.  1  and  fuzed  with  a  no.  233,  and  mcck-up 
charges  representing  the  Raketen  Panzerbuch6e 
43  using  liners  turned  from  mild  steel  bar  and 
liners  shaped  by  spinning.  Results  showed  lhatthe 
German  projectile  was  superior  in  performance  to 
the  2  Dritish  weapons  for  attack  of  armor  pro¬ 
tected  by  skirting  plates.  It  was  concluded  that  the 
German  pear  shaped  liner  was  not  as  superior  as 
at  first  supposed,  End  that  under  comparable 
conditions  the  conventional  liner  would  give  only 
slightly  inferior  performance.  It  was  recommended 
that  ihe  pear  shaped  liner  should  be  tried  out  In 
the  85-mm.  HEAT  shell  with  or  without  modifica¬ 
tion  to  the  cap  to  determine  the  effect  of  rotation 
upon  performance. 
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Armament  Research  Department  (Gt.  Brit.). 

NOTE  ON  THE  MECHANISM  OF  PLATE  PENE¬ 
TRATION  BY  MUNROE  JETS,  by  W.  M.  Evans. 
Aug.  1944,  3p.  inch  table.  (ARD  Explosives 
rept.  no.  G3G/44;  AC  6970;  Phys/Ex.  5B7;  SC.  115; 
OSRD  Liaison  Office  WA-2905-5h)  Secret 

Tests  were  made  to  determine  the  relative  contri¬ 
bution  of  jet  and  plate  to  the  fragment  damage  be¬ 
hind  the  penetrated  plate  and  the  manner  in  which 
this  contribution  varies  with  standoff.  The  charges 
(hemispherical  and  80")  were  of  GO  g.  PE,  1  3/8- 
in.  inside  diameter  confined  in  steel  tubes.  A  Pb 
plate  was  placed  18  in.  from  the  target.  The  plate 
was  divided  into  12  sectors  radiating  from  the 
approximate  center  of  damage;  and  with  the  same 
center,  circles  were  drawn  of  dlameiers  such  that 
they  subtended  cone  angles  of  10",  30°,  50°,  70°, 
and  90°  at  the  point  in  the  target  where  the  jet 
emerged.  Test  results  showed  that  the  volume  of 
fragment  damage  outside  the  cone  angle  of  10°  was 
of  the  same  order  for  both  i.  gh  and  low  residual 
penetrations.  In  this  region  the  fragments  came 
mainly  from  the  target,  and  as  the  standoff  was 
increased  ihe  area  (particularly  the  scab  area) 
tended  to  be  reduced.  Rough  measurements  of  the 
ratio  of  volume  ol  scab  for  30%  and  5%  residual 
penetrations  gave  respectively  14:1  for  the  80° 
charge  and  2:1  for  the  hemispherical  charge.  It 
is  stated  that  a  shaped  charge  weapon  could  func¬ 
tion  within  fairly  wide  limits  of  standoff  without 
appreciably  affecting  the  damage  by  fragments 
outside  the  cone  angle  of  10°.  The  damage  within 
this  angle  would  be  considerably  affected. 
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Armament  Research  Department  (Gt.  Brit.). 

TARGET  DAMAGE  BY  MUNROE  JETS.  PRO¬ 
TECTION  OF  STEEL  TARGETS  BY  NON- 
METALLIC  SUBSTANCES,  WITH  SPECIAL 
REFERENCE  TO  OXIDIZING  AGENTS,  INTERM 
REPORT,  by  C.  E.  Roberts  and  A.  R.  Ubbelohde. 
Sept.  1944,  Cp.  incl.  tables.  (ARD  Explosives 
rept.  no.  038/44;  OSRD  Liaison  Office 
WA-298.7-16)  Secret 

Sec  Item  no.  L91  in  which  this  rept.  is  reproduced 
as  Part  HI. 
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Armament  Research  Department  (Gt.  BrU.). 

NOTE  ON  BAKELITE  CHARGE  CASES  FOR 
HOLLOW  CHARGES,  by  A.  R.  Ubbelohde.  Oct. 
1944,  4p.  incl.  table,  diagr.  (ARD  Explosives 
rept.  no.  653/44;  AC  7250;  SC.  120;  OSRD  Liaison 
Oifice  WA-3234-8)  Secret 

Tests  were  made  to  determine  how  the  change 
from  a  steel  lo  a  bakelite  case  of  equal  weight 
affected  shaped  charge  performance.  Results 
showed  that  with  a  shaped  charge  (80°  liner),  the 
replacement  by  bakelitc  led  to  a  decrease  in 
crater  volume  of  about  13%,  but  did  not  reduce  the 
penetrative  power  by  more  than  4%. 


Armament  Research  Department  (Gt.  Brit.). 

TARGET  DAMAGE  BY  MUNROE  JETS.  COMPA¬ 
RATIVE  DAMAGE  IN  FACE-HARDENED  ARMOR 
PLATE,  H0M0PLA7E,  AND  MILD  STEEL,  by 
G.  E.  Roberts  and  A.  R.  Ubbelohde.  Oct.  1944, 
lip.  incl.  diagrs.  (ARD  Explosives  rept. 
no.  G51/44;  AC  7404;  SC.  126;  OSRD  Liaison  Office 
WA-3284-6)  Secret 

The  study  wa3  made  to  determine  how  far  the 
damage  produced  by  various  jets  in  steel  targets 
was  effected  by  the  strength  of  the  target  material. 
Jets  from  steel  liners  showed  some  penetra'lon 
loss  in  changing  from  mild  steel  to  homo  or  lace 
hardened  armor  targets.  Fiuid  iiner  jets  showed 
a  similar  penetration  loss  in  changing  from  mild 
steel  to  homo  armor,  and  a  greater  loss  with  face 
hardened  armor.  Considerable  spalling  occurred 
when  face  hardened  armor  was  attacked  by  Munroe 
jets.  The  spalling  was  more  marked  with  cutting 
tube  charges.  The  diameter  and  volume  ol  the 
craters  were  least  in  face  hardened  armor,  and 
greatest  in  mild  steel. 

L172 

Armament  Research  Department  (Gt.  Brft.). 

THE  MAIN  LINES  OF  BASIC  RESEARCH  ON 
HOLLOW  CHARGES.  Nov.  1944,  4!p.  incl. 
diagrs.  (ARD  Explosives  rept.  no.  659/44; 

AC  7367,  Nov.  21,  >944;  SC.  123;  OSRD  Liaison 
Office  WA-3649-11)  Secret 

Experimental  and  theoretical  research  is  reviewed 
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on:  methods  ol  investigating  Munroe  Jets;  effect 
of  the  explosive  charge  on  Jet  formation:  theories 
ol  jet  formation  and  structure;  general  methods  ol 
investigating  damage  in  metal  targets;  target 
damage  in  special  targets;  theories  of  target 
damage  in  steel  and  other  metals;  damage  behind 
targets;  cutting  tube  and  similar  charges,  and 
miscellaneous  applications  of  shaped  charge  ef¬ 
fects.  A  bibliography  cf  120  references  (the  same 
as  that  in  item  no.  L3)ls  appended. 

L173 

Armament  Research  Department  (Gt.  Brit.}. 

MECHANISM  OF  DAMAGE  IN  STEEL  TARGETS. 
THE  CRITICAL  CHANGE  IN  CUTTING)  T[UBE] 
DAMAGE  TO  ARMOR  PLATE  WITH  CHANGE  W 
AREA  OF  ATTACK,  by  T.  Nash  and  A.  R.  Ubbel- 
ohde.  Nov.  194-1,  15p.  incl.  illus.  tables,  diagrs. 
(ARD  Explosives  rept.  no.  679/44;  AC  8240; 

SC.  148;  OSSD  Liaison  Office  WA-4475-9) 

Secret 

The  discussion  is  concerned  with  differences  in 
damage  produced  by  cubing  tube  and  '  10°  shaped 
charges  acting  against  steel  targetB.  Metallurgical 
tests  were  made  cn  sectioned  mild  steel  blocks 
alter  attack  by  both  types  of  charges  to  investigate 
the  flow  of  metal  in  the  target  due  to  crater  forma¬ 
tion.  These  tests  showed  that  a  Munroe  charge 
pushes  the  target  material  aside  from  the  crater 
and  a  cutting  tube  charge  pushes  a  plug  of  metal 
forward. 

L174 

Armament  Research  Department  (Gt.  3rlt.). 

TARGET  DAMAGE  BY  MUNROE  JETS:  EFFECT 
OF  TARGET  STRENGTH  ON  CRATER  VOLUMES, 
by  G.  E.  Roberts  and  A.  R.  Ubbelolide.  Nor.  1944, 
13p.  incl.  diagrs.  (ARD  Explosives  rept. 
no.  666/44;  AC  7434;  Phys/Ex.  606;  SC.  126; 

OSRD  Liaison  Ofiice  WA-3425-16)  Secret 

Jets  were  obtained  from  standard  Swansea  charges 
with  PE  using  45°  mild  steel  liners  and  steel  and 
Pb  dishes.  The  targeis  were  mild  steel,  homo- 
arrfler;  face  hardened  armor,  and  Pb.  Crater 
shapes  were  measured  in  detail  by  pouring  iu  known 
volumes  of  Hg  and  measuring  the  Increment  of  the 
level  <n  the  crater.  By  comparing  the  volumes  of 
equal  fractions  of  crater  depih,  it  was  found  that 
the  volume  of  crater  times  yield  strength  of  target 
material  was  equal  to  a  constant.  The  constant 
varied  for  jets  from  different  liners. 

L175 

Armament  Research  Department  (Gt.  Brit.). 

THE  ENERGY  REQURtED  FOR  PENETRATION 
OF  CONCRETE,  by  D.  C.  Pack.  Jan.  1345,  2p. 
(ARD  Theoretical  research  memo.  no.  2/45; 

AC  7672;  SC.  134;  OSRD  Liaison  OfficeWA-3333-7) 

Secret 

A  comparison  was  made  of  the  relationship  be¬ 
tween  energy  and  hole  volume  in  the  attack  of 


concrete  by  Munroe  jets  and  AP  projectiles.  The 
calculations  showed  that  the  ratio  of  the  energy 
of  the  projectile  used  up,  to  the  volume  of  the 
crater  made  In  concrete,  was  of  the  same  order 
of  magnitude  whether  the  attack  was  made  by  aa 
armor  piercing  projectile  or  a  Munroe  Jet. 

L176 

Armament  Research  Department  (Gl.  Brit.). 

NOTE  ON  THE  PROTECTIVE  POWER  OF 
INDASCO  PLASTIC  AGAINST  MUNROE  JETfl, 
by  G.  E.  Roberts  and  A.  R.  Ubbelohde.  Jan. 

1945,  3p.  (ARD  Explosives  rept.  r.o.  403/45; 

AC  7734;  SC.  13B;  OSRD  Liaison  Office 
WA-3830-21)  Secret 

Tests  were  made  of  the  protective  power  of 
INDASCO  plastic,  used  to  give  an  antimagnetic 
layer  on  tanks,  against  Munroe  Jets.  Results 
showed  that  the  material  was  considerably  leso 
efficient  in  stopping  Munroe  Jets  than  other  non- 
metalllc  materials. 

L177 

Armament  Research  Department  (Gt.  Brit.). 

THE  STRUCTURE  OF  MUNROE  JETS.  PART  I. 
EFFECT  OF  STANDOFF  ON  DEPTH  OF  PENE¬ 
TRATION,  by  G.  E.  Roberts  and  A.  R.  Ubbelohde. 
Jan.  1945,  9p.  Incl.  diagrs.  (ARD  Explosives 
rept.  no.  401/45;  AC  7840;  Phys/Ex.  628; 

SC.  139;  OSRD  Liaison  Ofiice  WA-4010-17) 

Secret 

The  investigation  was  undertaken  to  explain  the 
velocity  distribution  along  Munroe  Jets  from  de¬ 
tailed  measurements  of  the  effect  of  standoff  on 
target  damage.  An  explanation  Is  given  ol  the 
effect  of  increasing  standoff  on  the  penetration  of 
targets  by  shaped  charges.  The  tests  were  made 
with  80°  liners  of  steel  and  of  Al;  test  results  for 
both  are  diagramed. 

L170 

Armament  Research  Department  (Gt.  Brit.). 

GERMAN  A/C,  A/T  BOMB  SD  4.  Feb.  1945,  3p. 
Incl.  diagr.  (ARD  Explosives  rept.  nc.  11/45) 

Restricted 

A  description  is  given  of  the  German  SD  4,  a 
shaped  charge  aircraft  bomb  of  approximately 
4  kg.  fitted  with  an  electromagnetic  nose  fuze.- 
The  HE  filling  consisted  of  12  o.r.  of  cast  45/55 
RDX/TNT  Initiated  by  a  standard  no.  34  galne 
(booster).  The  estimated  penetration  of  IT  80 
homo  plate  was  160  mm.  at  normal  and  140  mm. 
at  30°  Incidence. 

L170 

Armament  Research  Department  (Gt.  Brit.). 

HOLLOW  CHARGE  FOLLOW-THROUGH  SHELL, 
by  H.  L.  Porter  and  W.  M.  Evans.  Feb.  1945, 

6p.  incl.  diagrs.  (ARD  Explosives  rept.  no.  27/45; 
AC  8073;  SC.  144;  OSRD  Liaison  Office 
WA-4301-15)  Secret 
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An  Investigation  was  made  to  determine  whether 
the  follow-through  principle  could  be  successfully 
Incorporated  in  a  95-mm.  shell.  One  charge  was 
used  which  would  make  a  hole  In  the  armor  of  a 
tank  target  large  enough  to  permit  the  clear  pas¬ 
sage  of  a  solid  follow-through  shot  1  in.  In  diam¬ 
eter;  the  otheh  was  a  follow-through  shot,  2- 
-  Pmmder  AP,  1.  57  in.  In  diameter  which  was 
greater  than  the  estimated  diameter  of  the  hole  oo 
that  it  would  have  to  force  its  way  through. 


Armament  Research  Department  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  HOLLOW 
CHARGE  STICKY  A/T  GRENaDE.  Mar.  1045, 

2p,  dlagr.  (AKD  Explosives  rept.  no.  35/45; 
OSRD  Liaison  Office  WA-4244-1W)  Restricted 

The  examination  of  this  shaped  charge  grenade 
(37°  tapered  liner)  is  reported.  The  mouth  was 
closed  by  a  ihin  metal  cap  to  which  was  riveted 
.  a  feIt  Impregnated  with  an  adhesive  of  mineral 
oll-polyisobutene  composition.  This  was  covered 
.  by  a  thin  steel  pull-olf  lid.  The  penetration  at 
normal  against  homoplate  is  estimated  at  125  mm. 


Armament  Research  Department  {a.  Brit.). 
GERMAN  HOLLOW  CHARGE  SHELL.  10-CM. 
GR.  39  ROT  HI/A,  Hl/B,  lll/C.  MAR.  1945, 
3p.  diagrs.  (ARD  Explosives  rept.  no.  12/45* 
03RD  Liaison  Office  WA-4104-5)  Restricted 

The  examinations  of  these  shells  are  reported. 
The  3  types  were  apparently  modifications  of  the 
10-cm.  Gr.  39. 


graphs  of  the  Jet  striking  Tetryl  pellets  to  deter¬ 
mine  at  what  stage  Initiation  occurred.  The  radio¬ 
graphs  showed  that  detonation  was  initiated  by  the 
front  portion  of  the  jet  and  that  complete  doloaa- 
tlon  took  place  before  the  slug  reached  tho  pellet. 


Armament  Research  Department  (Gt.  Brit.). 

.  PENETRATION  BY  M UNROE  JETS;  SECONDARY 
PENETRATION  AND  THE  EFFECT  OF  TAR¬ 
GET  STRENGTH.  PART  I,  by  D.  C.  Pack  and 
W.  M.  Evans.  Apr.  1945,  13p.  dlagr.  (ARD 
Theoretical  research  rept.  no.  11/45  and  ARD 
Explosives  rept.  nr.  51/45;  Inclosure  1  to  MA 
London  rept.  no.  R3 2 12-45;  AC  E355;  Phys/Em 
356;  SC.  151;  OSRD  Liaison  Office  WA-4583-11) 

Confidential 

Results  of  experiments  on  penetration  of  massive 
targets  of  mild  sieel,  homo  armor  Pb,  and 
various  combinations  of  these  materials  con¬ 
firmed  the  theory  that  the  total  observed  pene¬ 
tration  could  be  separated  into  2  parts.  The  first 
part  was  derived  from  the  elementary  theory  of 
jet  penetration  and  modified  to  allow  for  tnrgdt 
strength,  while  the  second  part  was  due  to  flow 
taking  place  in  a  target  after  penetration  by  the 
Jet  had  ceased.  The  theory  accounted  for  the  shape 
of  the  penetration  curves  observed  experimentally 
when  a  given  plate  of  armor  was  inserted  at  varying 
depths.  In  a  stack  of  Pb  plates.  It  was  demonstrated 
that  the  "equivalent  plastic  effect"  was  dependent 
on  the  properties  of  the  Jet,  as  well  as  target 
characteristics. 


Armament  Research  Department  (Gt.  Brit.). 
PENETRATION  OF  STEEL  TARGETS  BY 
MUNEOE  JETS,  by  W.  M.  Evans.  Mar.  1945, 

7p.  Ulus,  diagrs.  (ARD  Explosives  rept.  .. 
no.  98/45;  AC  8663;  Phys/Ex.  685;  OSRD  Liaison 
Office  WA-5511-9)  Unclassified 

The  rate  of  penetration  of  mild  steel  by  shaped 
charge  jets  ar.d  the  structure  of  the  Jets  were 
studied.  The  jets  of  fragment  and  fluid  types 
were  produced  by  80“  charges  lined  with  steel  and 
Sn,  respectively.  Tabulated  results  of  experi¬ 
ments  show;  interval  cf  penetration,  time  of  pene¬ 
tration,  average  emergent  velocity,  average 
penetration  velocity,  length  of  Jet  used  up,  average 
density  of  jet  used  up,  and  energy  of  jet  used  up. 


ArmAmenl  Research  Department  (Gt  Brit ) 

THE  INITIATION  OF  AN  EXPLODER  BY  A 
MUNROE  JET  (FLASH  RADIOGRAPHY).  Apr. 
1945,  5p.  Incl.  lltus.  diagrs.  (ARD  Metallurgical 
rept.  no.  45/45;  AC  835e;  GSRD  Liaison  Office 
WA-4618-8)  Confidential 

This  Investigation  was  undertaken  to  obtain  radlo- 


Armamcnt  Research  Department  (Gt.  Brit.). 

THE  EFFECT  OF  SPIN  ON  THE  PERFORM¬ 
ANCE  OF  HOLLOW  CHARGE  AND  DISC 
FUZES,  hy  R.  M.  Laldler  and  others.  May  i?45, 
18p.  incl.  uiagrs.  (Aillf  Explosives  rept. 
no.  414/45;  AC  8327;  Phys/Ex.  655;  SC.  150; 
OSRD  Liaison  Office  WA-4575-7)  Secret 

The  effect  of  rotation  at  high  angular  velocity  oa 
the  no.  233  and  no.  243  fuze3  with  modified 
magazines  was  Investigated  across  air  gaps  up  to 
44  In.  The  fuzes  were  rotated  by  means  of  a  ' 
spinning  machine  and  the  fragment  patterns  re¬ 
corded  on  mild  steel  sheet  at  various  distances. 
The  no.  233  provided  a.  cluster  cf  useful  frag¬ 
ments,  while  the  no.  243  furnished  only  a  single 
fragment.  In  neither  fuze  was  the  performance 
materially  affected  by  roLrllon  up  to  speeds  c S 
19, 000  r.  p.  m.  over  air  gapB  up  to  44  In.  It  was 
concluded  that,  with  reasonably  controlled 
machining,  the  fragments  could  be  expected  to 
lie  within  a  cone;  the  0.  5  angle  of  which  would  be 
1.  5“  for  all  distances  between  10  and  44  In. 
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Armament  Research  Department  (Gt.  Brit.). 

FLASH  RADIOGRAPHY  OF  SHAPED  CHARGES. 
THE  COLLAPSE  OF  HEMISPHERICAL  AND 
DISH-SHAPED  LINERS.  May  1945,  lip.  incl. 
lUus.  diagrs,  (ARD  Metallurgical  rept. 
no.  62/45;  Inclosure  2  to  MA  London  rept. 

ED.  111252-49)  TIP  S50198  Secret 

Flash  radiographs  of  hemispherical  and  dish 
shaped  liners  (Zn,  steel,  and  brass)  taken  at 
various  stages  ol  ccliapse  were  obtained  fantudy. 
The  charge  container  was  cardboard,  exerting 
a  very  slight  degree  ol  confinement.  The  early 
stages  of  collapse  fer  all  types  ol  liners  appear 
to  be  almost  uniform.  A  discussion  of  the  fomrL- 
tlon  of  the  jet  based  on  examination  of  the  radio¬ 
graphs  Is  given. 

L187 

Armament  Research  Department  (Gt.  Brit.). 

NOTE  ON  THE  EFFECT  OF  STANDOFF  ON 
THE  PENETRATION  BY  MUNROE  JETS,  by 
D.  C.  Pack.  May  1945,  4p.  Incl.  diagrs.  (ARD 
Theoretical  research  memo.  no.  17/45;  AC  8311; 
SC.  149;  OSRD  Liaison  Office  WA-5101-20) 

Confidential 

The  effect  of  standoff  "a  penetration  by  a  Jet  was 
calculated  on  the  assumption  that  the  Jet  retained 
a  constant  cross-section  during  its  passage 
through  the  air,  but  elongated  with  uniform  veloc¬ 
ity  gradient  from  head  to  tail.  The  result  was 
compared  with  experimental  observations  made  by 
Roberts  and  Ubbeiohde  (item  no.  L177). 

L18B 

Armament  Research  Department  (Gt.  Brit.). 

THE  MECHANISM  OF  JET  FORMATION  -  PEP.- 
FOKMANCE  OF  TAPERED  CONES  H!  HOLLOW 
CHARGES.  ON  SCALING  LAWS  FOR  LININGS 
TO  MUNROE  CHARGES  -  PART  n,  by  T.  Nash 
and  A.  R.  Ubbeiohde.  July  1945,  7p.  incL 
dlag-s.  (ARD  Explosives  rept.  no.  416/45; 

AC  8701;  Phys/Ex.  689;  OSRD  Ltaleon  Office 
WA-5563-12)  Restricted 

The  possible  advantages  of  tapering  for  Increasing 
target  damage  from  80?  liners  of  brass  and  steel 
compared  with  Pb-Sb  aUoy  (heavily  confined) 
liners  were  investigated.  Three  degrees  of  con¬ 
finement  (heavy,  light,  PIAT)  were  used.  A 
limited  number  ol  tests  were  also  made  with  uni¬ 
form  and  tapered  45°  liners  ol  steel  and  Al.  Ex¬ 
perimental  results  are  summarized  and  tabulated. 

LI  89 

Armament  Research  Department  (Gt.  Brit.), 
METALLURGICAL  EXAMINATION  OF  THREE 
GERMAN  10-CM.  1  F.H.  18  (HOLLOW  CHARGE) 
SHELLS,  TYPES  A,  B,  AND  C.  July  1945,  3p.  Ulun. 
(ARD  Metallurgical  rept.  no.  83/45;  OSRD  Liaison 
Office  WA-5190-5)  Confidential 


The  metallurgical  examination  of  this  German  oholl 
is  reported.  Photographs  of  the  microstructurcs 
are  appended. 

L190 

Armament  Research  Department  (Gt.  BrlL). 

ENEMY  MUNITIONS.  GERMAN  8.8-CM. 

KW.K.43  CARTRIDGE  QF,  HE/TRACER  WITH. 
HOLLOW-CHARGE  SHELL  (GR.  39  HL. ).  Aug. 
1945,  4p.  dlagr.  (ARD  Explosives  rept. 
no.  68/45;  OSRD  Liaison  Oiftce  Y/A-5102-2) 

Unclassified 

An  examination  ol  1  round  of  this  shell  Is  reported. 
Tile  design  was  found  to  be  similar  to  that  of  the- 
1.0. 5-cm.  shell,  but  the  funnel  shaped  washer 
fitted  in  front  of  the  cavity  was  longer  and  oharpor 
and  the  steel  liner  was  thicker. 

L1D1 

Armament  Research  Department  (Gt.  Brit.). 
METALLURGICAL  EXAMINATION  OF  TWO 
GERMAN  HOLLOW  CHARGE  ANTITANK  BOMBS 
(FAUSTPATRONE  I  AND  11)  AND  PROJECTORS. 

■  Sept.  1945,  5p.  iltus.  diagrs.  (ARD  Metallurgical 
rept.  no.  110/45;  OSRD  Liaison  Office 
WA- 5450-3)  Unclassified 

Metallurgical  examinations  of  2  models  of  thin 
weapon  are  reported.  Photographs  of  mlcrostroc- 
tureo  are  appended. 

L192 

Armament  Research  Department  (Gt.  Brit.), 

GERMAN  7. 5-CM.  CP..  38  HL/C  HOLLOW 
CHARGE  SHELL.  Oct.  1945,  2p.  Ulus.  (ARD 
Metallurgical  rept.  no.  120/45)  Unclassified 

Results  are  reported  of  a  metallurgical  examina¬ 
tion  or  an  emptied  unflrcd  German  shell. 

LI  93 

Armament  Research  Department  (Gt.  Brit.). 

GERMAN  HOLLOW  CHARGE  STICKY  GRENADE 
(ANTITANK).  Oct.  1245,  ?p.  Ulus.  (ARD 
Metallurgical  rept.  no.  119/45)  Unclassified 

The  results  are  reported  of  a  metallurgical  ex¬ 
amination  of  an  emptied  unfired  German  sticky 
grenade. 


LI  04 

Armament  Research  Department  (Gt.  Brit.). 

FLASH  RADIOGRAPHY  OF  80°  CONICAL 
CHARGES  WITH  ALUMINUM  LINERS.  Dec.  1049, 
5p.  Incl.  diagrs.  (ARD  Metallurgical  rept. 
no.  141/45;  AC  8902;  Phys/Ex.  700;  03RD Liaison 
Olflco  BC-922)  ‘  Unclassified 

A  study  was  made  of  the  collapse  of  Al  liners  and 
the  subsequent  formation  of  a  jet,  and  to  comparo 


SECRET 


SD 


SHAPED  CHARGES  SECRET 


■'  ! 
■i 


the  results  with  those  previously  obtained  by  flash 
radiography  of  brass  liners.  The  flash  radio¬ 
graphs  showed  that  except  for  an  increased  Jet 
velocity,  the  results  were  similar  to  those  ob¬ 
tained  with  brass  8G°  liners.  For  these  A1  liners 
the  let  head  traveled  at  a  velocity  of  6. 3  x  10$ 
cm.  /sen.  and  continued  to  form  for  about  25^jsec., 
by  which  time  It  was  about  15  era.  long.  The  Jet 
and  slug  then  separated,  with  the  slug  traveling 
behind  ‘he  Jet  with  a  velocity  of  the  order  of 
3  x  1C5  cm. /sec.  For  the  bra;.s  liners,  the  Jet 
.  elocity  was  4. 25  x  105  era.  /see.  and  the  oluff 
velocity  0.715  x  105  cm. /sec. 


L195 

Armamert  Research  Department  (Gt.  Brit  ) 

GERMAN  7.  5-CM.  CARTRIDGE  QF,  HE 
(HOLLOW  CHARGE).  GR.  38  Hl/C  (C.I.A. 

5K.  E.A.  NO.  429).  Feb.  1946,  6p.  incl.  dlagr. 
(ARD  Explosives  repl.  no.  6/46;  Inclosure  1  to 
MA  London  rept.  no.  R827-4fi)  Unclassified 

Results  of  an  examination  of  the  explosive  com¬ 
ponents  of  a  round  of  this  ammunition  are  re¬ 
ported.  The  liner  was  die-cast  Zn  alloy  mane  In 
1  piece  with  central  flash  tube.  The  metallurgical 
examination  of  this  shell  Is  discussed  in  ARD/Met- 
allurgicalrept.no.  J  20/4  5  (Item  no.  L192). 


L136 

Armament  Research  Department  (Gt.  Brit.). 

german  nose  fuze.  a.  z.  38  st.  (c.i.a. 

SK.  NO.  411).  Feb.  1946,  3p.  inci.  diagr. 

(ARD  Explosives  rept.  no.  7/46;  Inclosure  1  tc 
MA  London  rept.  no.  H82B-48)  Unclassified 

A  specimen  of  this  fuze,  which  Is  used  on  the  hol¬ 
low  charge  shell  7. 5-cin.  Gr.  38  Hl/C,  was 
examined  and  a  drawing  prepared. 


LI  97 

Armament  Research  Department  (Gt.  Brit.). 
PENETRATION  OF  MUNROE  JETS  FROM  80° 
CONED  CHARGES  AS 'A  FUNCTION  OF  CHARGE- 
LENGTH  AND  STANDOFF,  by  J.  H.  Hopkins  and 
W.  M.  Evans.  Feb.  1946,  9p.  inch  charts, 
diagrs.  (ARD  Explosives  rept.  no.  403/46;' 
Inclosure  1  to  MA  London  rept.  no.  R1679-46; 

AC  8995;  Phys/Ex.  705;  OSRD  Liaison  Olttce 
BC  954)  Confidential 

The  Investigation  was  to  determine  the  effect  of 
charge  length  and  standoff  on  the  performance  of 
Munroe  Jets  against  homogeneous  armor  plate. 
Charges  (3/16-in.  diameter,  PE3)  having  deep 
stamping  steel  liners  (80%  2- in.  diameter)  were 
used,  each  fired  normal  to  the  target  (2  armor 
plates,  100  mm.  thick).  Test  results  and  graphi¬ 
cal  analysis  are  included. 
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Armament  Research  Department  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  7.  5-CM  LE 
J.G.  18CTGE.  WITH  H/C  SHELL  (JGR  38 
HL/A).  (C.I.A.  SK.  NO.  394.)  Mar.  194C; 

4p.  dlagr.  (ARD  Explosives  rept.  no.  18/46; 
Inclosure  to  KA  London  rept.  no.  R1345-48) 

Unclassified 

The  results  of  an  examination  ol  this  German 
shaped  charge  shell  aro  reported. 
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Armament  Research  Department  (Gt.  Brit.). 

A  COMPARISON  BETWEEN  STEEL,  PURE 
COPPER,  AND  COPPER/SILVER  ALLOY 
CONICAL  LINERS  FOR  HOLLOW  CHARGES,  by 
T.  Nash  and  W.  M.  Evans.  Apr.  194G,  3p. 

(ARD  Explosives  rept.  no.  409/40;  Inelusure  1  to 
MA  London  rept.  no.  R1943-4e)  Confidential 

Test  firings  of  charges  (light  steel  confinement, 
L/D  =  1.3)  bearing  60°  liners  against  100-mm.  ar¬ 
mor  plate  Indicated  that  the  penetration  obtained 
using  a  0.  19b  Cu-Ag  alloy  liner  is  about  the  same 
as  that  obtained  using  a  pure  Cu  liner.  Both  of 
these  liners  will  give  27%  belter  penetration  than 
a  steel  liner.  These  tests  were  prompted  by 
United  States  investigations  with  the  2.36-ln. 

IIEAT  rocket  from  which  it  was  concluded  that 
the  Cu-AG  alloy  liner  gave  a  better  performance 
than  the  Cu  liner.  Thickness  cf  the  Cu  and  Cu-Ag 
liners  in  the  above  British  tests  was  approximately 
0. 082  in.:  steel  liners  used  were  standard  PIAT 
type.  The  opinion  is  expressed  that  use  of  a  dif¬ 
ferent  type  of  charge  and  confinement  might 
change  the  effectiveness  of  the  above  liners.  . 
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Armament  Research  Department  (Gt.  Brit. ). 

GERMAN  B.8-CM.  KWK  43  (GR.  39  Hi)  HOLLOW 
CHARGE  SHELL.  July  1940,  6p.  Incl.  diagrs. 

(ARD  Metallurgical  rept.  no.  39/46;  Inclosure  I  to 
MA  London  rept.  no.  R3773-40)  Confidential 

A  German  88-mm.  HEAT  shell  was  examined 
metallurgically.  The  shell  body  was  formed  from 
medium  C  steel  by  punching  and  drawing,  and  re¬ 
ceived  no  heat  treatment  after  forging.  The  nose 
cap  was  forged  and  machined  from  a  low  C  steeL 
The  liner  was  cold-pressed  from  mild  steel  strip. 
The  frustrum  was  made  of  2  pieces, each  stamped 
from  hot-rolled  mild  steel  strip.  The  flash  tube 
was  made  of  commercially  pure  AJ  seamless 
tubing.  Results  of  physical  tests  on  the  shell  are 
given. 
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Armament  Research  Department  (Gt.  Brit.). 
PENETRATION  OF  CEMENT-MORTAR  TAR¬ 
GETS  BY  MUNROE  JETS,  by  W.  W.  Rees  and 
W.  M.  Evans.  July  1940,  12p.  incl.  diagrs. 

(ARD  Explosives  rept.  no.  412/46;  Inclosure  l  to 
MA  London  rept.  no.  R3939-40)  Confidential 
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This  Investigation  was  to  gain  information  on  the 
mechanism  oi  penetration  of  Jets  of  the  fragment 
and  fluid  type  in  concrete  targets.  Comparison!) 
were  made  of  the  penetration  of  the  above  types  of 
jets  against  si  eel  and  concrete  and  the  rate  of 
penetration  against  concrete.  The  insufficient  data 
available  from  these  experiments,  however,  make 
it  impossible  to  determine  to  what  extent  the 
mechanism  of  penetration  in  metallic  targets  can 
he  applied  to  concrete  targets. 


Armanium.  Research  Department  (Gt.  Brit.). 

PENETRATION  BY  MUNROE  JETS.  SECONDARY 
PENETRATION  A/D  THE  EFFECT  OF  TARGET 
STRENGTH.  TART  II.  THE  EFFECT  OF  STAND¬ 
OFF;  LIGHT  JETS,  by  W.  M.  Evans  and  ■ 

D.  C.  Pack.  Dec.  194S,  LSp.  tncl.  diagra. 

(ARD  Theoretical  research  rept.  no.  12/45  and 
ArD  Explosives  rept.  no.  415/43)  Confidential 

Previously  it  had  been  shown  how  an  analysis  cT 
the  results  oi  experiments  with  Monroe  Jets  fired 
into  target?  from  a  fixed  standoff  could  be  made 
using  the  simple  theory  of  Jet  penetration.  An 
examination  was  made  of  the  standoff  effect  using 
ihe  penetration  formula  with  a  uniform  velocity 
gradient.  An  analysis  of  the  expansion  rale  cl  the 
hole  caused  by  the  passage  of  a  jet  supported  the 
explanation  on  the  basis  of  secondary  penetration 
of  the  hemispherical  shape  of  the  bottom  of  tha 
holes  observed  In  the  Pb  blocks  attacked  by  jets 
from  Sn  caps.  Experiments  using  light  Jets  from 
AJ  hemispheres  satisfied  the  same  analysis  pre¬ 
viously  employed  for  the  jets  of  steel,  Sn,  etc. 


Armament  Research  Establishment  (Gt.  Brit.L 
HOLLOW  CHARGE  AND  PLASTER  SHOT 
WEAPONS.  Rept.  for  3-monlh  period  to  July 
l?d8,  2p.  (Extract  from  ARE  rept.  no  3/48) 

TIP  S50149  Secret 

Plans  for  a  spinning  machine  with  which  to  study 
rotating  charges  are  reported  briefly.  No  details 
of  the  machine  are  given.  It  is  suggested  that 
a  liner  shape  other  than  the  conventional  cone 
might  produce  a  jet  stable  enough  to  penetrate  both 
the  skirting  plate  and  tha  main  tank  armor. 


Armament  Research  Establishment  (Gt.  Brit.). 

THE  HOLLOW  CHARGE  EFFECT  AND  THE 
PENETRATION  OF  ARMOR,  by  W.  E.  Soper. 
Sept.  1948,  25p.  incl,  tables,  diagrs.  (Inclosure  3  to 
ORD-TRART-LR-77)  TIP  S50199  Secret 

Part  I  gives  the  principle  factors  affecting  shaped 
charge  performance:  cavity  snaoe,  standoff,  liner 
thickness,  charge  confinement,  charge  length, 
liner  material,  choice  of  explosive,  and  aberra¬ 
tions  in  shaped  charge  performance.  Part  II 
treats  the  application  of  the  shaped  charge  to 
weapons  for  armor  attack,  and  considers  fuzing 


and  stability.  Test  results  are  indicated  for  the 
effect  of  rotation  and  standoff  on  performance  of 
different  Uner  shapes  tn  standard  95-mm.  HEAT 
shells  fitted  with  45“,  60°,  and  80°  liners.  Resulto 
are  shown  also  for  the  effect  of  a  4  sector  offset 
Uner  on  performance  witii  rotation.  Part  III  dis¬ 
cusses  refinements  to  shape  and  liner  material. 
Results  are  given  for  the  effect  of  shaping  the 
detonation  wave  by  Insertion  of  a  cere  of  cast  TNT 
into  a  Pentollte  charge  (30°,  45°,  60°,  BO”,  and 
120  steel  liners  and  45°  Cu  liners),  and  for  the 
effect  or  shaping  the  detonation  wavs  by  Inserting  an 
inert  material  (air,  paraffin,  or  wood)  into  Pento¬ 
llte  charges. 


Armament  Research  Establishment  tGt.  Brit.). 
MECHANISM  OF  THE  HOLLOW  CHARGE  EF¬ 
FECT,  by  W.  M.  Evans.  Sept.  1943,  14p.  Ulus, 
diagrs.  (Inclosure  5  to  ORD-TRART-LR-77) 

TIP  £50197  Secret 

A  discussion  Is  giver,  of  the  hydrodynamic  theory 
of  jet  formation.  The  penetration  theory  is  con¬ 
sidered  as  applied  to  metals  and  to  metallic  and 
nonrnetalUc  materials  of  low  density.  Brief  men¬ 
tion  is  made  of  techniques  for  The  measurement  of 
jet  characteristics  and  factors  affecting  shaped 
charge  performance:  explosive,  charge  length, 
charge  coniinement,  liner  and  cavity  shape,  stand¬ 
off,  asymmetry,  rotation,  and  scaling.  The 
scaling  law  that  a  linear  change  in  ihe  dimensions 
of  -  shaped  charge  leads  to  corresponding  changes 
in  linear  dimensions  of  the  craters  produced  was 

found  to  hold  within  experimental  limits,  with  the  ' 

exception  of  very  small  charges  which  were  dif¬ 
ficult  to  scale  from  a  larger  model. 


Armament  Research  Establishment  (Gt.  Brit.). 
SHAPED  CHARGES  XXX.  THE  PRESSURE  DIS¬ 
TRIBUTION  ROUND  CYLINDRICAL  CHARGES  OF 
30/70-CE/TNT  HAVING  PLANE  OR  EMERGENT- 
CONE  ENDS,  by  H.  V-tman.  Sept.  1353,  lip. 
^*Aftrs  (AHc,  rept.  no.  26/50;  Buxton  rept.  no. 

E.  139;  [Inclosure  1  to  ORI>~TRART-288l) 

TIP  S1805  J  Secret 

A  piezoelectric  gage  and  cathode  ray  oscUlograph 
were  used  to  examine  the  pressure  distribution  In 
ihe  shock  wave  system  generated  by  freely  sus¬ 
pended  uncased  cnatges  of  30/70-CE/TNT  The 
charges  were  cylinders  3. 17  cm.  in  diameter  and 
weighed  143  g. ,  the  end  remote  from  initiation 
being  either  piano  or  shaped  like  an  emergent  cone. 
The  observed  values  of  pressure  were  correlated 
with  tie-  values  of  wave  speeds  and  the  shape  of 
the  wave  as  determined  earlier  by  photographic 
methods.  (ARE  abstract) 
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.  ffiAPEH  CHARGES  XXXI.  THE  DETONATION 
OFCYLmDRiGAL  CHARGES  WITH  AXIAL 
CAVITIES,  by  H.  Titman  and  M.  J.  W.  Billings. 
®ct"  1930'  llP-  Hlu.s.  (ARE  rept.  no.  36/53; 

rept.  no.  E.  ISO;  [Inclosure  1  ORD- 
THAHT-287])  TIP  C5902  Confidential 


™e  establishment  of  the  high  velocity  of  detonate 
set  up  u,  charges  with  axial  cylindrical  cavities 
was  further  investigated  with  charges  of  crystal-  " 
Une  CE.  It  is  shown  that  the  high  velocity  arisen 
tom  a  compression  of  the  wall  of  explosive  by 
*T*®  hil*-speed  cavity  effect  which  is  ahead  cf  the 
detonation  wave.  External  confinement  of  a  hollow 

^  *  rg  *>;tny  / Ct  further  ^crease  the  velocit-  ui 
detonation.  (ARE  abstract) 


Armament  Research  Establishment  (Gt.  Bril ) 
SHAPED  CHARGES  XXXII.  THE  SPREAD  OF 
THE  DETONATION  WAVE  IN  ANNULAR 
CHAJ1GES  WITH  ASYMMETRICAL  INITIATION 
by  IA  J.  W  Plllings.  May  1354,  Up.  iUus.  ’ 

diagrs.  (ARE  rept.  no.  11/54)  AD-36  700 

Conlidentlal 


A  study  was  made  of  the  spread  of  detonation  in  an¬ 
nular  charges  of  cast  RDX/TNT  50/50,  asym¬ 
metrically  Initiated,  using  a  rotating  mtrror 
“J11,6”-  Three- in.  diameter  charges  having 
axial  cavities  2- in.  In  diameter  were  used. 


Armament  Research  Establishment  (Gt.  BrtLl 
SURVEY  OF  PUBLISHED  INFORMATION  ON 
TEE  EFFECT  OF  ROTATION  ON  TARGET- 

A  S'™  3Y  "OLL0W  CHARGES  by 
A.  Schofield.  Mar.  1951,  9p.  dlagrs.  15  refs 
(Suryqyno.  1/45;  Physics  ol  Explosives  Survey 
no.  1/43;  [Inclosure  X  to  AA  London  rent 
EO-  R1010-51J)  TIP  S1883  «ccret 


Information  on  the  effect  of  rotation  on  hollow 
charge  performances  was  obtained  from  German 

rc-S'  T°Plcs  discussed  ’ 
Include  the  effect  of  spin  on  the  performance  of 
simple  conical,  hemispherical  and  trumpet- 
shaped  Irners;  possible  reasons  why  spin  has  an 
eiieci;  and  methoos  of  counteracting  it  fTlP 
abstract)  ' 


Armament  Research  Establishment  (Gt,  Brit ) 
CONTROLLED  FRAGMENTATION  XXIX  ’  CON 
TROLLED  FRAGMENTATION  OF  MILD  STEEL 

CASINGS  DY  MEANS  OF  GROOVED  CHARGES 
byJ.  W.  Gibson  and  T.  W.  Tayior  Apr  1951  ' 
HP  Uta  tables,  diagrs.  (AR^ropLno.  Vsi- 
Inclosure  1  lo  AA  London  rept.  no.  R13H5-5I)  ' 

Confidential 


The  method  of  controlling  the  fragment  mass  dlo- 
tr.bJtion  by  means  of  grooved  charges  was  studied 
fundamentally  and  applied  to  mild  steel,  parallel- 
walled  canisters  with  Internal  diameter  of  2  9  in 
anu  with  several  wall  thicknesses.  Fluted  paper  * 
liners  of  different  pattern  slr.es  were  used  It 
was  shown  that  parallel  walled  casings  of  mild 
E»!l  ,enKth/diameler  ratio  of  4/1,  filled 

with  RDX/TNT  55/45  and  initiated  from  1  ndT.  '  ' 
were  effectively  controlled  by  means  ol  V-shape<5 
grooves  cut  Into  the  HE  charge,  of  apex  angle 

“!,th  d-4L  '“here  t  is  the  wall  thickness 
of  the  c«sing.  The  largest  fragments  obtainable 
were  bar-formed  fragments  as  long  as  the  casing, 
and  as  wide  as  natural  fragmentation  permitted. 

For  each  wall  thickness,  determinations  were 
made  of  the  range  of  sizes,  (and  in  particular,  the 
minimum)  to  which  the  fragmentation  of  the  easing 
may  be  controlled. 


Ar!™™;nt  Research  Establishment  (Gt.  Brlt.1. 
CONTROLLED  FRAGMENTATION  XXX.  THE 
p™.T*  0F  the  grooved  charge 
™«PLB  TO  SPIN-STABILIZED  SHELL,  3 
by  H.  Tltman  and  T.  W.  Taylor.  Jan.  1952,  ’  • 

[12Ip.  incl.  Ulus.  tables.  (ARE  rept.  nc.  1/52; 
Buxton  rept.  no.  E.  193;  Inclosure  1  to  AA  London 
rept.  no.  R723-52)  TIP  C8523  Confidential 


w  fluts<1  paper  ,lner3  ^  < Wed  with 

h^1  f|5d5/RD"'//TNT  wcre  exai»^  after  having 
been  fired  from  a  gun  in  order  to  determine 
whether  fragmentation  control  by  the  fluted-Hner 
method  was  impaired  by  the  stresses  set  up  during 
discharge.  No  appreciable  differences  were  found 
between  the  fired  and  unused  shells.  Fragmenta¬ 
tion  control  was  not  affected  by  a  difference  In 
steels  or  the  amount  of  setback.  A  0.  007-ln  - 
thick  paper  liner  with  75“  flutes  withstood  the  • 
olnefwS  C?U30d  by  S£tback  and  spin;  thicker  paper 
abstract)  B^rcngtl,enb,£  were  unnecessary.  (TIP 


Ar'^n'ne^arCh  F!;tabilshment  (Gt.  Brit.). 
CONTROLLED  FRAGMENTATION  XXXI.  THE 

development  of  rubber  lkem  for 

THE  GROOVED-CHARGE  METHOD,  by 

IlUn  .F-Sh«P^and  J.  W.  Gibson.  Jan.  1953. 
£L  P.  mcl.  lHus.  tables.  (ARE  rept.  no.  18/5L 

TIp'crs?/  ta  ^  London  rePt-  r»-  R427-52)  * 

CUb21  Confidential 


In  the  application  of  the  grooved-charge  method 

of  controlling  the  fragmentation  of  a  casing,  tliero 

^mSMUlac!urinB  Problems  associated  with  Uic 

Within  "  ?  ahars6  0f  the  r^!'1‘cd  -ape  and 

with  the  required  pattern  of  grooves.  A  method 

of  fabricating  fluted  rubber  liners  which  meets 
this  requirement  Is  described.  A  metal  former 
carrying  the  chosen  fluted  pattern  and  shaped  to 
he  cavity  of  the  casing  Is  sprayed  with  rubber 
latex  under  specified  conditions.  The  liner,  in 
the  jorm  of  a  bag  is  peeled  off  the  former  and 
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inserted  into  the  casing.  The  process  of  filling 
with  molten  explosive  helps  in  achieving  a  good 
fit  of  the  liner  to  the  cavity.  Fragmentation  re¬ 
sults  with  cylindrical  and  barrel-shaped  caatngB 
are  described. 

LSI  3 

Armament  Research  Establishment  (Gt.  Brit.). 

.  CONTROLLED  FRAGMENTATION  XXXm.  FUR¬ 
THER  DEVELOPMENT  OF  RUBBER  LINERS 
FOR  THE  GROOVED  CHARGE  METHOD  OF 
CONTROLLING  FRAGMENTATION,  by  X.  W.  Gib¬ 
son,  T.  W.  Taylor,  and  N.  L.  Heathcote.  Nov. 
1952,  7p.  illus.  (ARE  rept.  no.  5/53;  Buxton 
rept.  no.  E.  201)  AD -1)7 74  Confidential 

Further  developments  in  the  design  of  flndbb; 
rubber  liners  for  the  grooved-charge  method  of 
controlling  fragmentation  are  described.  The 
thickness  of  rubber  is  an  important  factor  and 
emphasis  is  laid  on  the  need  lor  the  thinnest  pos¬ 
sible  liner  of  adequate  strength.  Attempts  were  . 
made  to  stiffen  tnin  liners;  however,  little  success 
was  achieved  and  this  only  with  some  loss  of 
eliiciency.  (ARE  abstiact) 
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A  BIBLIOGRAPHY  AND  REVIEW  OF  THE 
HOLLOW  CHARGE  EFFECT,  by  R.  M.  Frlcfeer 
and  S.  J.  Tupper.  Oct.  1951,  [47]p.  [ncl.  diagro. 
(Survey  no.  3/51)  TIP  S2347  Secret 

A  review  of  the  progress  made  in  the  last  lOyears 
in  understanding  the  principal  phenomena  as¬ 
sociated  with  unrotated  charges  and  a  reasonably 
complete  bibliography  of  the  shaped  charge  effect 
are  given.  Subjects  reviewed  include:  (1)  Shaped 
charge  variables;  (2)  Liner  collapse  and  jet-for¬ 
mation;  (3)  External  baUistics;  (4)  Terminal 
ballistics;  (5)  The  explosive  charge;  (G)  Charge 
reproducibility;  (7)  The  Taylor-Birkhoff  quantita¬ 
tive  theory  of  jet  formation;  and  (8)  The  Mott- 
Pack  quantitative  penetration  theory,  Tne bibliog¬ 
raphy  of  [3D6]  items  covers  shaped  charge  re¬ 
search  and  development  in  the  United  Slates, 

Great  Britain,  and  Germany  during  the  years  from 
about  1941  through  1951.  A  list  ol  17  repts.  on 
basic  shaped  charge  research  is  also  included. 
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A  STUDY  OF  SHAPED  CHARGES  LINED  WITH 
COPPER  CYLINDERS,  by  H.  J.  James  and 
M.  E.  Miller.  May  1953,  lip.  illu3.  tables. 

(ARE  rept.  no.  15/53)  AD-14  667  Secret 

Shaped  charges  lined  with  Cu  cylinders  0.927  in. 
in  external  diameter  and  having  tapered  wall 
thicknesses  gave  good  penetrations  when  fired  into 
mild  steel  targets.  The  penetration  depths  equaled 
those  obtained  with  the  45°  steel  liners  1.625  in. 

SECRET 


in  diameter.  The  Cu  liners  were  designed  on  the 
basis  of  the  "free  flow"  theory  which  stipulates 
the  necessity  of  a  velocity  gradient  In  the  collapse 
process  for  good  jet  formation.  On  rotation  the 
cylindrical  Cu  liners  performed  like  the  45°  steel 
liners,  indicating  that  these  liners  do  not  provide 
an  immediate  solution  to  the  problem  of  degrada¬ 
tion  in  penetration  caused  by  spin.  However,  It  lo 
suggested  that  conical  liners  with  tapered  thick¬ 
nesses  would  produce  <ets  having  high  velocity 
gradients  at  very  short  standoffs  which  would  DTtrrt- 
mize  the  effect  of  spin. 
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A  STUDY  OF  THE  INFLUENCE  OF  THE  CON¬ 
DITIONS  AT  THE  BASE  OF  THE  CONICAL 
LINER  ON  SHAPED  CHARGE  PERFORMANCE, 
by  H.  J.  James  and  others.  Sept.  1953,  9p.  illuo. 
tables.  (ARE  rept.  no.  21/53)  AD-19  410 

Secret 

Studies  were  made  in  which  the  explosive  at  tho 
base  of  the  conical  liner  in  a  shaped  charge  was 
replaced  by  inert  Idlings  of  various  heights  to 
determine  the  effect  on  shaped  charge  performance. 
The  experimental  results  Indicated  that  the  asym¬ 
metric  Inert  filibegs  at  the  base  of  the  liner  com¬ 
pletely  upset  shaped  charge  performance.  It  was 
concluded  that  the  spread  in  shaped  charge  per¬ 
formance  was  caused  primarily  by  quality  dif¬ 
ferences,  the  presence  of  air  occlusions,  in  the 
explosive  HUing.  These  results  did  not  agree 
completely  with  the  Taylor-Birkhoff  hypothesis 
which  posturates  that  steady  state  conditions  exist 
at  the  stagnation  zone  and  that  the  metal  acts  as 
a  perfect  fluid,  each  element  being  unaffected  by 
its  neighbor.  It  was  postulated  that  the  collapsing 
liner  does  transmit  stress  waves  and  that  tiio 
velocity  gradient  of  the  Jet  Is  largely  determined 
by  the  inertia  drag  of  the  liner  base. 
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3.  5-1N.  HEAT  ROCKET  HEAD  FILLING 
DEVELOPMENT,  by  D.  McKenzie  and  R.  W.  Nich¬ 
olson.  Dec.  1953.  4p.  Ulus,  table,  diagrs. 

(ARE  rept.  no.  26/53)  AD- 27  162  Confidential 

A  rapid-stirring  method  for  increasing  the  pout-a¬ 
bility  of  RDX/TNT  60/40  was  applied  to  the  filling 
of  3.  5-in.  HEAT  rocket  heads.  A  summary  of 
trials  of  the  RDX/TNT  fillings,  including  pene¬ 
tration  data  are  given. 
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Armament  Research  Establishment  (Gt.  Brit.). 
EXPLORATORY  TRIALS  WITH  PHE-PRESSED 
FILLINGS  FOR  HOLLOW  CHARGES,  by 
D.  McKenzie  and  J.  Trower.  Apr.  1954,  9p. 
Hlus.  (ARE  rept.  no.  8/54)  Secret 

The  penetration  in  mild  steel  cf  hollow  charges 
wuh  pre-pressed  fiUlngs  has  been  examined.  At 
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5-in.  stand-off  80/20  RDX/TNT  was  found  to  give 
much  the  same  performance  as  80/40  RDX/TNT. 
The  performance  of  composite  charges  was  also 
explored.  It  was  noted  that  charge  perfor  mance 
■was  greatly  enhanced  when  a  TNT,  air  or  wood 
center  section  was  used. 
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Armament  Research  Establishment  <Gtr.  Brit.). 

A  NEW  ASPECT  OF  THE  COLLAPSE  PROCESS 
AND  JET  FORMATION  IN  THE  HOLLOW 
CHARGE,  by  E.  ds  L.  Costello,  H.  J.  James, 
and  others.  June  1954,  5p.  diagrs.  {ARE  Memo, 
rept.  nu.  6/54)  Secret 

Flash  radiography  was  used  to  study  the  stages  la 
eelL-.pse  of  a  conical  liner.  Completely  filled 
charges  and  charges  filled  at  the  base  with  both 
symmetric  and  asymmetric  Inert  loadings  "were 
fired.  Radiographic  data  obtained  give  a  clearer 
view  of  the  mechanism  of  liner  collapse  and  jot 
formation. 

L22D 

[Armaments  Design  Department  (Gt.  Drlt.).1 

SHAPED  CHARGES.  Mar,  1945,  18p.  incl.  tables, 
dlagrs.  (Design  Data  Sheets,  DF  4,  Issue  r.o.  1; 
Inclosure  I  to  MA  London  rept.  no,  R3671-45) 

Secret 

The  method  of  operation  of  shaped  charges  and  tho 
principles  and  basic  experimental  data  on  which 
the  design  of  shaped  charges  is  based  are  sum¬ 
marized  briefly.  These  factors  Include:  charge 
diameter,  charge  length,  confinement,  liner 
materials,  liner  thickness,  liner  collapse,  and  the 
hydrodynamic  theory  oi  jet  formation. 
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[Armaments  Design  Department  (Gt.  Brit.).) 

TARGET  EFFECTS.  APPLICATION  OF  SHAPED 
CHARGES.  Mar.  1945,  7p.  incl.  tables,  diagra. 
(Design  Data  Sheets,  DO  5,  Issue  no.  1;  tneiosure 
1  to  MA  London  rept.  no.  H3671-45)  3ecret 

A  summary  is  given  of  the  applications  of  shaped 
charges  and  oi  their  eiiects  against  steel,  homo¬ 
geneous  armor,  and  concrete.  Scales  are  con¬ 
structed  to  Indicate  the  minimum  weight  of  ex¬ 
plosive  for  penetration  into  a  massive  target,  for 
perforation  of  plate  targets,  and  for  effective 
damage  behind  targets.  A  definition  Is  given  of 
the  follow-through  and  follow-up  projectiles. 
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Armaments  Design  Department  (Gt.  Brit,). 

GERMAN  AMMUNITION:  A  SURVEY  OF  WAR¬ 
TIME  DEVELOPMENT;  ANTITANK  MINES. 
IGNITERS  AND  ANTI-LIFTING  DEVICES,  by 
H.  W.  Martyn.  Feb.  1946,  lOp.  diagra.  (ADD 
Technical  rept.  no.  2/40,  Part  Q)  Secret 


A  number  of  German  land  mines  are  described 
and  illustrated.  The  Panzermine  (Ilohl  Sprung  ’ 
Mine)  and  the  Panzeretabmine  employ  the  shaped 
charge  principle. 

T.97jl 

Armamenio  Design  Department  (Gt.  Brit.). 

GERMAN  AMMUNITION:  A  SURVEY  OF  WAR¬ 
TIME  DEVELOPMENT;  DEMOLITION  STORES 
AND  ACCESSORIES,  by  R.  W.  Marty n.  Feb. 

1546,  8p.  iliac,  diagra.  (ADD  Technical  rept. 
no.  2/40,  P*-tR)  Secret 

A  survey  of  German  demolition  charges  1b  re¬ 
ported,  Trends  of  dssfgn  and  late  developments 
are  discussed  and  Illustrated.  The  electromag¬ 
netic  charge  is  considered  particularly  lnterestinjy 
lor  Its  method  of  adhesion.  The  electrolyta  Is 
Introduced  Into  a  cell  when  the  Igniter  Is  operated; 
the  cell  Is  in  effect  short  circuited  through  Urn' 
colls  of  an  electromagnet,  and  producesTOO  w. 
for  30  sec. ,  by  which  lime  the  chargs  should  have 
functioned. 
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Armaments  Design  Department  (Gt.  Brit.). 

GERMAN  AMMUNITION:  A  SURVEY  OF  WAR¬ 
TIME  DEVELOPMENT;  RECOILLESS  GUN  AND 
SPECIAL  GTIV  AMunrwvrTnu  t  ji  m — i. _ >- 

- -  -  -  “  '  - -  «■  —  -  —  •  a  uj|  Ms  rj  .  TV  OViCut;&« 

Feb.  1940,  lGp.  diagra.  (ADD  Technical  rept. 
no.  2/46,  Part  K)  Secret 

The  development  of  the  German  recollless  gun 
from  the  standpoint  of  Its  ammunition  la  sum¬ 
marized.  The  peculiarities  of  the  shaped  charge 
rounds  used  In  the  Puppchen  and  the  Hammer  are 
reported  and  a  description  of  these  2  weapons  In 

giViHl. 
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Armaments  Design  Department  (Gt.  Brit.). 

GERMAN  AMMUNITION:  A  SURVEY  OF  WAR¬ 
TIME  DEVELOPMENT;  MORTAR  BOMBS  AND 
CARTRIDGES,  by  U.  G.  Holton  and  E.  R.  S.  Pearce. 
Apr.  1946,  lCp.  dlagrs.  (ADD  Technical  rept. 
no.  2/43,  Part  M)  Secret 

Several  types  ot  German  mortar  ammunition  are 
described.  The  shaped  charge  grenades  included 
are  the  8-cm.  Cranate  Patrcne  44021  and  the 
10. 5-cm.  Panzerwurfgranate.  Armor  penetration 
of  200  ram.  at  30°  to  normal  is  claimed  for  the 
latter  but  has  not  been  proved. 
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Armaments  Design  Department  (Gt.  Brit.). 

GERMAN  AMMUNITION:  A  SURVEY  OF  WAR¬ 
TIME  DEVELOPMENT;  GRENADES,  by 
W.  J.  Ashby.  Nov.  194B,  [104]p.  incl.  diagrs. 

<ADD  Technical  rept.  no.  2/46,  Part  N;  Inclosure 
1  to  MA  London  rept.'  no.  R6093-47)  Restricted 


Briei  discussions  and  drawings  are  presented  on 
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rifle  grenades  (rotated),  Panzerfaust,  shaped 
charge  stick  grenades  (hand),  method  of  explosive 
filling  and  types  of  HE  used  Ln  grenades,  magnetic 
antitank  grenades,  Panzer handmine,  Panzerwurf- 
mtne,  gross  grenade  Panzergranate,  40-mm. 
Gewehr  Panzergranate,  61-rom.  S.S.  Gewefir 
Panzergranate,  Panzer  Gewehr  Granate  P.  40,  and 
30-,  60-,  100-,  I50-,  and  25D-mm.  Faustpatrone, 
and  Faustpatrone  fuzes.  A  summary  Is  given  of 
Interviews  with  Dr.  Langweiler  on  spaced  targets, 
Hirers,  and  proof  of  Panzerfaostff. 


Armored  Board,  Fort  Kno:t'(Proj.  no.  743). 

TEST  OF  SHELL,  1D5-T4M. ,  HEAT,  MO’.Jl 
(COPPER  CONE  AND  COMPOSITION  "B" 
FILLER).  Sept.  25,  1945,  fl2jp.  Incl.  iHun. 
dtagrs.  Confidential 


Tcstb  were  made  to  determine  the  armor  penetra¬ 
tion  ability  of  the  ammunition  (MG7E1)  muzzle 
velocities  (m.  v. )  1250  and  1625  ft.  /sec.  in  com¬ 
parison  with  standard  HEAT  ammunition  (M67). 
The  shells  were  fired  against  a  6-1/8  In.  thick 
plate  of  rolled  homogeneous  armor  at  a  range  of 
500  yd.  Results  showed  that  all  of  the  MC7E1 
(m.  v.  .-1250  ft.  /sec. )  shells  penetrated  the  target 
completely.  Fifty  percent  of  the  M87E1,  charge  7 
rounds  (m.  v.  =1025  ft.  /sec. )  produced  complete 
penetrations,  while  the  standard  shell,  mo7 
(m.  v.  =  1250  ft. /sec.)  did  not  produce  any  com¬ 
plete  penetrations.  Firing  tests  were  also  made 
to  compare  the  ballistics  of  the  M67E1,  charge  7, 
and  the  HE,  Ml,  charge  7. 


Armored  School,  Fort  Knox. 

ARMOR  VS.  ARMAMENT,  by  I.  R.  Burton, 

G.  J.  Grout,  and  others.  Research  rept.  1951- 
1952.  Apr.  1952,  153p.  incl.  illus.  Secret 


Ir.  this  discussion  of  tank  development  from  the 
standpoint  of  armor  and  armament,  shaped  charge 
projectiles  and  protection  against  them  are  con¬ 
sidered.  Comparative  performance  charts  for 
armor-defeating  rounds  for  various  calibers 
(76  mm.  to  120  mm.)  fired  at  targets  ranging  In 
obliquities  from  0°  to  £9”  are  given.  Spaced 
armor,  sloping  armor,  lamjnated  armor,  plastics, 
and  spikes  are  offered  as  a  means  of  protection, 
against  enemy  armament  including  HEAT  pro¬ 
jectiles.  The  vulnerability  of  the  Soviet  JS  IH 
tank  to  attack  by  the  99-mm.  HEAT  projectile 
(muzzle  velocity  2, 800  ft.  /sec.)  is  evaluated  ln  aa 
appendix. 


Armor  Research  Foundation  (NOid-11142). 

DESIGN  AND  DEVELOPMENT  OF  HEAT  BOMB 
AND  CLUSTER,  by  F.  Brown  and  K.  H.  Jacobs.' 
Memo:  rept.  for  Dec.  1,  1350-June  1,  1951. 

June  20,  1951,  lv.  incl.  dlagrs.  (Kept,  no.  8) 
TIP  C6614  Confidential 
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A  cluster  bomb  with  few  moving  parts  for  low- 
level  aircraft  atlack  against  armored  vehicles  and 
surrounding  personnel  was  designed.  The  cluster 
body  contains  55  heat  bombs  having  shaped  chaxgo 
heads  able  to  penetrate  7-ln.  armor  and  to  pro¬ 
duce  antipersonnel  fragmentation.  Inclined  vanes 
on  the.  cluster  body  cause  rotation  which  disperses 
the  heat  bombs  when  the  2-sectlon  shell  is  opened 
at  a  suitable  distance  from  the  target.  An  optimum 
pattern  size  and  spacing  of  the  bombs,  about 
4“-ft.  wide  and  from  42-  to  250-ft.  long  (depending- 
upon  the  dive  angle  of  the  airplane  at  the  moment 
of  release)  is  produced  ff  the  cluster  opens  at 
300  ft.  from  the  ground.  In  this  case  a  ID-  x  20-fiL 
target  within  the  pattern  will  be  hit  by  at  least 
1  bomb. 


Armor  Research  Foundation  (NOrd-11142). 

DESIGN  AND  DEVELOPMENT  OF  HEAT  BOMB 
AND  CLUSTER,  by  F.  Brown  and  It.  H.  Jacobs, 
Rept.  no.  7,  June  1-30,  1951.  Aug.  31,  1951, 
19p.  tables,  diagrs.  TIP  C6970  Confidential 


Results  of  the  penetration  tests  ca  the  AT-AP  bomb 
containing  shaped  charge  heads  were  satisfactory. 
Armor  penetrations  of  9-11  in.  were  obtained. 


Armor  Research  Foundation  (OEMsr-673). 

THE  ANTISUBMARINE  SCATTER  BOMB,  by 
T.  C.  Poulter.  Final  r«pi.  29p.  Illus,  dlagrs. 
(NDRC  Div.  6)  OSRD  5494  Confidential 


A  detailed  descrli  ton  Is  reported  of  the  develop¬ 
ment  and  final  models  (only  1  of  which  made  uso 
of  the  shaped  charge  principle)  of  this  bomb.  The 
rept.  Is  primarily  concerned  with  the  separation 
of  the  cluster  and  achieving  a  satisfactory  bomb 
pattern. 


Army  Attache,  London. 

DEVELOPMENT  OF  ANTITANK  WEAPONS  FOR 
FIGHTER/GROUND  ATTACK,  by  W.  Levin. 

Oct.  20,  1950,  6p.  (Inclosure  1  to  AA  London 
rept.  no.  R-3302-50)  Secret 


A  condensed  picture  of  past  and  present  British 
effort  In  development  of  antitank  aircraft  rockets 
is  given.  T  rials  of  the  6-in.  shaped  charge  rocket 
head  and  fuze  no.  B93  are  briefly  discussed.  This 
rocket  head,  composed  of  a  steel  liner  0. 150  in. 
thick,  PETN  boosters,  and  36  lb.  of  50/50 
RDX/TNT,  easily  defeated  254  mm.  of  homo¬ 
geneous  plate  at  50°  obliquity.  Cf  17  rounds  fired, 
11  penetrations  were  obtained;  at  55°  obliquity, 
fuze  no.  893  failed.  In  addition,  a  proposed  anti¬ 
tank  rocket  battery  was  considered.  Though  it  is 
uncertain  whether  the  3. 5-ln.  shaped  charge 
rocket  could  defeat  the  Russian  JS3  heavy  tank. 

It  was  concluded  that  better  kill  probabilities 
could  be  obtained  with  the  3.  5-in.  shaped  charge 
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rockets  than  with  the  S.  5-ln.  shaped  charge  rock¬ 
ets  because  of  the  Increased  accuracy  (greater 
maximum  velocity)  of  the  former. 
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Army  Attaciie,  Spain. 

LECBA  PYROTECHNICS  COMPANY  (PIROTECNI& 
LECEA),  by  C.  S.  Asklns.  June  27,  1951,  5p. 
Illus.  (AA  Spain  repb  no.  R-22U-5I) 

Confidential 

The  firm  has  done  development  work  on  a  bazooka- 
typc  rocket  and  rocket  Launcher.  This  rocket  la 
57  mm.  in  caliber,  has  a  weight  of  3. 25  !b. ,  aad 
a  length  of  15. 75  in.  It  Is  filled  with  >»  shaped 
charge  of  explosive  ,  uses  a.  conventional  percus¬ 
sion  fuze . . . ,  ana  has  the  usual  finned  (all  as¬ 
sembly.  The  launcher  ...  is  not  of  the  stovepipe- 
type  but  more  closely  resembles  a  rifle.  The 
barrel  Is  14  in.  in  length  and  0.45  in.  in  outside 
diameter.  The  rocket  slips  over  this  slim  tubing 
and  the  projectile  is  lired  by  pulling  the  trigger 
which  activates  a  mechanical  firing  pin  located 
inside  the  barrel.  This  firing  pin  strikes  a  ful¬ 
minate  of  mercury  primer  in  the  base  of  the  rocket 
which  sets  off  the  rocket  charge.  The  advan¬ 
tage  of  this  system  overthepresentS.  5-in.  rocket 
used  by  the  US  Army  is  that  no  electrical 
current  is  generated.  The  back  blast  from  this 
rocket  weapon  is  diverted  from  the.  tirer's  face 
by  a  17-in.  diameter  circular  plate  affixed  to  the 
weapon  just  ahead  of  the  receiver.  A  small 
opening  at  the  base  of  the  huge  shield  contains  the 
rear  sight.  Because  oi  this  protective  shield, 
the  launcher  is  ungainly  and  very  heavy.  The  rocket 
and  launcher  were  ottered  to  the  Spanish  Army 
but  the  probability  of  acceptance  seems  small. 

(AA  abstract) 
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Army  Attache,  Sweden  (formerly  Military  Attache). 
FINNISH,  SWEDISH,  AND  RUSSIAN  PROGRESS 
IN  HOLLOW  CHARGE  PENETRATION,  by 
R.  W.  Cole,  Jr.  Nnv.  21,  1949,  lp.  (AA 
Sweden  rept.  no.  R8H7-49)  Confidential 

A  conversation  Is  reported  with  Hands  O.  Danner 
of  the  Finnish  "Tampella"  works  In  which  he  slated 
that  the  Russians  are  "considerably  behind  in 
the  development  of  their  hallow  charge  ammuni¬ 
tion”.  The  Russians  were  impressed  by  the 
Finnish  shaped  charge  ammunition,  but  the  Swedes 
slated  that  their  own  was  much  superior.  It  was 
revealed  that  the  Finns  are  using  this  type  of 
ammunition  in  the  120-mm.  mortar. 
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Army  Field  Forces  Board  Number  1,  Fort  Bragg 
(Pro),  no.  FA5051). 

SHELL,  HEAT,  FS,  105-MM.,  T131E31,  June  4, 
1952,  [25]p.  incl.  illus.  tables.  Secret 

Tha  105- mm.  HEAT  shell,  a  shaped  charge,  fln- 


stabiltecd  projectile  with  a  muzzle  velocity  of 
1750  ft. /sec. ,  was  tested.  Rounds  were  fired  at 
ranges  of  400  to  1500  yd.  in  accuracy  determina¬ 
tions.  Testing  was  terminated  because  of  the  inac¬ 
curacy  of  the  rounds..  It  was  concluded  that  tnlo 
shell  is  not  suitable  for  field,  artillery  use. 
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Army  Field  Forces  Board  Number  3,  Fort  Bonn  in  rr. 
(Proj.  no.  2334). 

CARTKXBCE.  HEP,  105-MM,  T139E2  AND 
CARTRIDGE,  HEAT,  105-MM,  T43.  May  15, 
1951,  !v.  incl.  illus.  tables,  diagrs.  Secret 

Tests  were  made  to  determine  the  amount  of 
armor  that  could  be  defeated,  and  the  accuracy 
of  Lie  HEP  and  the  HEAT  shells  when  fired  from 
the  105-mm.  rifle,  M21.  Results  showed  that 
a  concrete  wall  IS  in.  thick  was  defeated  with  1 
round  oi  105-mm.  HEP  and  with  1  round  of  the 
105-mm.  HEAT.  The  35-ln.  thick  concrete 
wall  was  defeated  with  2  rounds  of  105-ir.in. 

HEP,  but  4  rounds  of  105-mm.  HEAT  were 
required  to  accomplish  comparable  damage. 

When  firing  against  log  emplacements,  2  rounds 
of  HEP  destroyed  the  emplacement,  but  4  rounds 
of  HEAT  were  required  for  comparable  damage. 
Against  sand  bag  emplacements,  2  rounds  of 
HEP  destroyed  the  emplacement,  and  5  rounds  of 
KEAT  accomplished  comparable  damage.  Ac¬ 
curacy.  reliability  and  functioning  data  are  also 
given.  Temperature  extremes  (-40°  and  +120“F) 
did  not  affect  the  functioning  of  the  HEP  or  HEAT 
□hells.  The  HEAT  shells  defeated  spaced  armor 
in  a  vertical  position.  The  105-mm.,  HEAT 
projectile  did  not  defeat  a  4  -in.  plate  of  vertical 
armor  On  which  a  layer  of  sand  bags  had  been 
placed.  When  Use  plate  was  eloped  to  45°,  all 
sand  bags  were  destroyed  by  the  first  round, 
and  the  armor  plate  was  defeated.  The  HEAT 
projectile  also  defeated  a  4-in.  armor  plate 
sloped  to  45°  and  covered  with  linoleum.  The 
same  results  were  obtained  when  the  plate  wao 
covered  with  a  wooden  frame,  and  when  the 
frame  was  covered  with  a  0. 75-in.  layer  of  heavy 
axle  grease. 


Army  Field  Forces  Board  Number  3,  Fort  Bennlng 
PROPOSED  REVISION  OF  MILITARY 
CHARACTERISTICS  FOR  BATTALION  ANTI¬ 
TANK  WEAPONS.  APPENDIX  E.  US  AND  UK 
MILITARY  CHARACTERISTICS  FOR  THE 
BATTALION  ANTITANK  WEAPONS.  Feb.  25 
1952,  lip.  (Proj.  no.  2301-A,  rept.  no.  4) 

Secret 

The  United  States  and  United  Kingdom  military 
characteristics  of  battalion  antitank  (BaT)  am¬ 
munition  and  fuzes  are  briefly  stated.  US:  At 
all  uauable  ranges  beyond  30  ft. ,  90%  of  the 
HEAT  rounds  fired  must  defeat  an  average  of 
14  in.  of  Class  B  homogeneous  armor  plate  at 
normal  Impact.  The  HEAT  fuze  must  function 
reliably  to  insure  armor  penetration  at  angles  of 
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obliquity  up  to  64°;  the  minimum  arming  nmgc 
is  30  ft.  •with  a  maximum  arming  range  cf  75  ft. 
UK:  90%  of  the  HEAT  rounds  used  at  ranges  be¬ 
yond  20  ft.  must  penetrate  6  la.  of  homogeneous 
armor  or  its  equivalent  by  weight  of  sandwiched 
and  spaced  armor  at  an  angle  of  obliquity  of  04'. 
The  HEAT  fuze  employed  must  arm  within  a 
range  of  20-60  fL 


Army  Field  Forces  Board  Number  3,  Fort  Benning. 
REPORT  OF  TEST  OF  PROJECT  NO.  2501 
ROCKET,  ANTITANK,  73-MM. ,  FRENCH, 

AND  LAUNCHER,  ROCKET,  73-MM.,  FRENCH. 
Oct.  31,  1952.  69p.  fncl.  Hies.  Secret; 

Tests  were  made  to  determine  and  compare  tho 
armor  penetration  effectiveness  of  the  French 
73-mm.  antitank  rocket  and  the  US  3.  5-in.  HEAT 
rocket.  Characteristics  of  these  rockets  follow: 


Model 
Diameter 
Fuze  ■ 

Warhead 
Liner  material 
Type  filler 
Muzzle  velocity 


French 
73AC 
2.075  in. 
base-detonating 
shaped  charge 
Cu  cone 
Comp.  B 
525  ft.  /sec. 


US 

M28A2 
3. 5  in. 

base-detonating 
shaped  charge 
Cu  cone 
Comp.  *} 

320  ft.  /sec. 


The  rockets  were  fired  against  6-in. ,  9- in. ,  and 
12-in.  ^homogeneous  armor  plate  at  obliquities  of 
0°,  45°,  55“-6T,  and  64°.  Maximum  penetration 
(12. 21  in. )  of  the  French  73-mm.  was  obtained  at 
61°  against  a  6-in.  target,  while  the  US  3.  5-in. 
achieved  maximum  penetration  (11.  C4  in.)  on  a 
6-in.  target  at  an  obliquity  of  57°.  Of  5  French 
rockets  fired  at  9°  obliquity  against  12-in.  homo¬ 
geneous  armor  plate,  1  penetrated  completely; 
no  complete  penetrations  were  obtained  under  these 
conditions  for  the  5  US  rockets  tested,  the  maxi¬ 
mum  penetration  being  10.25  in.  Entry  holes 
varied  from  0.75  to  1. 12  In.  (French)  and  1.  75  to 
2.  65  in.  (US);  exit  holes  varied  from  0. 30  to  0.  54 
in.  (French)  and  0.70  to  1.12  in.  (US).  Tne  3.  6  in. 
rocket  had  greater  effect  on  witness  plates  and 
produced  a  greater  destructive  effect  on  the  front 
of  target  armor  plate  than  did  the  French  73-mm. 
rocket.  However,  it  was  concluded  that  at  aU  the 
obliquities  considered  the  Frpnch  73-mm.  rocket 
was  superior  to  the  US  3. 5-in.  rocket,  being 
capable  of  penetrating  approximately  1  in.  more 
armor.  Additiuna!  tests  were  made  to  determine 
and  compare  the  destructive  effect  of  the  French 
and  US  rockets  when  fired  against  reinforced  con¬ 
crete  walls,  log  emplacements,  and  earthworks. 
From  these  tests  it  was  concluded  that  the  French 
rocket  was  superior  in  penetrating  ability  against 
all  3  target  types,  whiie  the  US  rocket  was  superior 
in  blast,  conrussion,  and  destructive  effect. 


Army  Ground  Forces,  Board  Number  2,  Fort  Knox 
(ProJ.  no.  1257). 

STUDY  OF  1946-47  WINTER  TEST  OF  SHAPED 
CHARGES,  M2A3,  AND  M3,  BY  ARMY  GROUND 
FORCES  TASK  FORCES  FRIGID,  FR03T,  AND 
WILLIWAW.  Nov.  12,  1947,  lv.  lncl.  Ulus. 

Confidential 

Test  results  are  reported  for  M2A3  and  Ml  shaped 
charges  fired  against  Ice,  frozen  ground,  and 
other  materials.  Exposure  for  60  days  in  tem¬ 
peratures  ranging  from  +  60“F  to  -  28°F  had  mr 
deteriorating  effect  and  did  not  Interfere  with  the 
functioning  of  the  M3  shaped  charge.  Exposure 
tests  resulted  In  partial  deterioration,  due  to 
moisture,  of  the  fiber  standoff  support  tor  the 
M2A3  shaped  charge.  Modifications  of  the  charges 
are  suggested  on  the  basis  of  these  trials. 


Army  Ground  Forces  Board  Number  2,  Fort  Knox 
fProj.  no.  P-1201). 

TEST  OF  SHELL,  105-MM. ,  HEAT,  M67E1, 
COPPER  CONE  AND  COMPOSITION  "B"  FILLER. 
June  18,  1948,  lv.' lncl.  illus,  tables,  dlagrs. 

Restricted 

Two  groups  (?.  rounds/group)  of  semi-fixed, 

M67E1  HEAT  shells  were  fijred  against  7  In.  of 
laminated  armor  at  a  range  of  500  yd,  and  a  muz¬ 
zle  velocity  of  1566  ft. /sec.  At  35°  obliquity  pene¬ 
trations  of  4. 25  and  5  in.  were  obtained,  while  at 
41“  the  penetrations  were  3.  5  and  5  In. 


Army  Services  of  Supply,  Southwest  Pacific  Area, 
5250th  Technical  Intelligence  Composite  Cr. 
ORDNANCE  INTELLIGENCE  TEAM  MEMORAN¬ 
DUM  NO.  0.  Jan.  27,  1945,  p.  2-3, 

Confidential 

The  Japanese  Lunge  Mine,  a*  shaped  charge  weapon 
with  handle  attached,  is  described.  The  mine 
weighed  11  lb.  and  was  equipped  with  3  legs  at  the 
bottom  to  give  proper  standoff  distance.  The  mine 
was  reported  to  be  capable  of  penetrating  armor 
up  to  C  In.  thick.  The  mine  was  struck  against 
the  tank  side  by  a  lunge;  this  lunge  forced  the 
striker  into  the  detonator,  causing  a  blast  which 
penetrated  the  armor. 


Army  Technical  Intelligence  Center,  Ordnance  Sec¬ 
tion,  52o0th  Technical  Intelligence  Co. 

TYPE  4  70-CM.  "HOLLOW  CHARGE”  ROCKET 
(JAPANESE  ORDNANCE  EQUIPMENT),  by 
K.  L.  Warden,  Jr.  Jan.  3,  1946,  3p.  lncl.  illua. 
(Ordnance  Section  rept.  no.  136)  Unclassified 

The  rocket,  which  employs  a  shaped  charge,  |a 
described. 
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Australian  Army  Staff,  London. 

WEAPONS  AND  EQUIPMENT.  p.  t,2,9,Y 

inr.l.  Ulus.  (Extracts  from  AMGO  Technical  rept. 
no.  10/47)  Secret 


A  German  "Hammer"  shaped  charge  projectile 
with  stabilizing  tail  Is  discussed.  The  "Cam-A1M 
projectile  Is  described  which  consists  of  a  heavy 
cylindrical  head  carrying  the  fuze  and  filling,  and 
a  tubular  brass  tail  extension  of  slightly  lcaadla.nl- 
etqr  than  the  head.  The  Schulmann  projectile 
achieves  stability  by  means  of  the  forward  dis¬ 
placement  of  the  center  o'  mass  and  Hie  flat  head. 

A  projectile  is  Illustrated  which  can  be  fired  at 
supersonic  velocities. 


Baader,  F. 

INVESTIGATION  OF  A  THEORY  OF  BLASTING 
(Versuchelner  TheorlederSprengarbelt).  Perjman- 
nisches  Journal  von  Kohler  und  Hoffman,  v.  1, 

Mar.  1792:  193-212. 


This  Is  the  earliest  known  reference  to  the  "hollow 
charge  principle".  For  a  discussion  of  this 
reference  see  Item  no.  L416  appendix  A. 


Eailtstlc  Research  Laboratory,  Aberdeen  Proving 
Ground. 

WORK  ON  HOLLOW  CHARGES,  by  R.  H.  Kent 
and  others.  Preliminary  rept.  May  6,  1943,  lv. 
incl.  Illus.  diagrs.  (BRL  Memo.  rept.  no.  159) 

Confidential 


A  discussion  Is  presented  on  the’  region  of  the  . 
Mach  reflection  and  the  condition  for  the  stationary 
existence  of  3  plane  shock  waves.  X-ray  photo¬ 
graphs  were  made  on  the  fragmentation  from 
several  cylindrical  and  conical  charges. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

OESIGN  DATA  FOR  10-IN.  AND  16-IN.  HOWIT¬ 
ZERS  FOR  PROPELLING  HOLLOW  CHARGE 
PROJECTILES,  by  J.  N.  Sarmousakls.  June  12, 
1943,  26p.  lncl.  tables,  diagrs.  (BRL  rept. 
no-  3CB)  Confidential 


Design  data  of  10-in.  and  16-in.  shaped  charge 
projectiles  are  given.  Probable  errors  In  horizon¬ 
tal  range  and  altitude  of  impact  for  these  pro¬ 
jectiles  were  estimated.  Interior  ballistic  design 
data  for  howitzers  to  propel  these  shells  were 
computed.  Calculations  were  made  of  the  weights 
of  the  howitzers  and  their  carriages.  ThesA  howit¬ 
zers  were  compared  with  the'155-mm.  gun  MI918 
firing  f.n  AP  projectile..  An  addendum  Is  included 
which  gives  estimates  of  the  thickness  of  vertical, 
concrete  walls  which  would  be  penetrated  by  the 
projectiles  at  various  ranges  taidng  Into  considera¬ 
tion  obliquity  of  impact. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  I.  THE 
COLLAPSE  OF  STEEL  CAVITY  CHARGE 
LINERS,  by  L.  B.  Seely  and  J.  C.  Clark.  June 
16,  1943,  5Dp.  incl.  illus.  IBRL  rept.  no.  368) 

-  '  Confidential 


Ultra  high  speed  radiographs  were  made  of  small 
steel  lined  shaped  charges  during  liner  collapse 
and  Immediately  thereafter.  Liners  of  0. 010, 

0. 020,  0. 037  in.  thickness  and  45°  apex  angle  and 
0. 020  in.  thick  liners  with  80°  apex  angle  were 
used.  These  radiographs  show  a  complete  de¬ 
formation  and  the  jet  formation.  They  indicate 
that  the  liner  is  deformed  as  soon  as  the  detona¬ 
tion  wave  strikes  it;  that  the  collapse  is  quite 
rapid;  and  that  the  jet  continues  to  emerge  after 
collapse  is  complete. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  IL  MOTION 
OF  EXPLOSION  GASES  IN  LINED  AND  UN¬ 
LINED  CAVITY  CHARGES,  by  J.  C.  Clark  and 
L.  B.  Seely.  July  26,  1943,  13p.  Incl.  illus. 
(BRL  rept.  no.  392)  (In  cooperation  with  du  Pont 
de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331)) 

Confidential 


Flash  radiographs  were  made  of  lined  and  unllned 
shaped  charges  during  and  immediately  after  the 
detonation  wave  had  passed  through  the  cavity 
region.  The  explosive  charges  were  Pb(N03)2 
and  50/50  Pentolite,  suitably  mixed  to  give 
reasonable  X-ray  absorptions,  and  thus  record 
the  position  and  relative  density  of  the  explosion 
gases. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIC-H  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  HI.  COL¬ 
LAPSE  OF  HEMISPHERICAL  AND  HEMICYLIN- 
DRJCAL  STEEL  CAVITY  CHARGE  LINERS,  by 
J.  C.  Clark  and  L.  B.  Seely.  Oct.  14,  1943, 

25p.  Inch  llius.  diagr.  (BRL  rept.  no.  415)  (In 
cooperation  with  du  Pont  dc  Nemours,  E.  I. ,  & 
Co.  (W570-ORD-4331))  Confidential 


Radiographs  were  made  of  hemispherical  and  . 
hemicylindrical  steel  shaped  charge  liners  during 
and  after  liner  collapse.  The  technique  used  in 
obtaining  these  radiographs  Is  described  briefly. 
The  radiographs  revealed  that  tiie  liner  turned 
inside  out  and  collapsed  toward  the  charge  axis 
forming  a  broad  jet  of  fast  moving  fragments. 
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Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  IV.  GAS 
MOTION  IN  UNLINED  WEDGE  CHARGES,  by 
L.  B.  Seely  and  J.  C.  Clark.  Oct.  28,  1913,  18ge 
burl.  Ulus,  diagrs,  CBRL  rept.  no.  '120)  (Hi  co¬ 
operation  with  du  Pont  de  Nemours,  E.  1. ,  Si  Co. 
(W670-ORD-4331))  Confidential 

Radiographs  were  made  of  60°  and  100°  unllned 
wedge  charges.  Two  waves  of  explosion  gases 
from  the  inner  edges  of  the  charge  were  observed 
to  interact  at  the  center  oi  the  wedge  producing  a 
well-defined  jet  which  was  very.narrow  and  danse 
in  the  early  stages. 

L25S 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  V.  TARGET 
PERFORATION  BY  STEEL  JETS,  by  J.  C.  Clark 
and  L.  B.  Seely.  Sept.  25,  1944,  22p.  tncl.'illus. 
diagrs.  (BRL  rept.  ho.  489)  (In  cooperation  with 
du  Pont  de  Nemours,  E.  I  ,  Si  Co.  (W670-OHD- 
4331))  Confidential 

Radiographs  are  shown  :.f  jets  from  conical  steel 
liners  perforating  steel,  Al,  duraluminum  and 
water  targets  which  were  at  normal  and  at  45“  in¬ 
clination  to  the  Jet. 

L252 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION.  VH.  THE  . 
EFFECT  OF  THE  BASE  FLANGE  ON  CONICALLY 
LINED  HOLLOW  CHARGES,  by  J.  C.  Clark  and 
W.  M.  Podas.  Nov.  13,  1945,  3Dp.  incl.  illua. 
diagrs.  (BRL  rept.  no.  585)  Confidential 

Conically  lined  charges  in  which  the  base  flange  of 
the  liner  was  unbacked,  partially  backed,  and 
completely  backed  by  explosive  were  statically 
detonated  and  studied  by  flash  radiography  and  by 
jet  penetration  into  steel  targets. 


L253 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

MATHEMATICAL  JET  THEORY  OF  LINED 
HOLLOW  CHARGES,  by  G.  Birkhotf.  June  16, 
1943,  lip.  incl.  diagr.  (BRL  rept.  no.  370) 

Confidential 

High  speed  X-ray  shadowgraphs  by  Clark  and 
Seely  gave  rise  to  the  view  that  the  lining  col- 
laoses  with  a  normal  velocity,  and  when  the  sides 
of  the  wall  collide  along  the  lining  axis,  the 


momentvui  forces  the  lining  out  In  a  forward 
slender,  high  speed  jet,  and  a  backward  thick, 
low  speed  jet  or  slug.  Discussions  arc  included 
on  the  heal  generated  by  plastic  deformation,  and 
on  scale  experiments  with  models. 

L254 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground* 

HIGH  SPEED  MOTION  PICTURES  OF  SHAPED 
CHARGES  (PROBLEM  NO.  1-34),  by  {J.C.  Clark]. 
Part  B  of  pregress  rept.  on  Terminal  Ballistics 
for  June  1542.  June  30,  1943,  2p  Confidential 

A  series  of  10-lb.,  8-ln.  diameter  cavity  charges 
were  fired  and  high  speed  motion  pictures  were 
obtained  with  a  pinhnle  camera.  Constants  of  tho 
camera  are  given.  Preliminary  results  obtained 
from  the  pinhole  camera  showed  that  the  fast 
moving  fragments  from  a  90°  steel  liner  had  an 
average  velocity  of  19, 600  It.  /sec.  during  the 
first  Z50psec.  of  travel,  15,600  ft./sec.  during 
the  second  250psec. ,  and  a  slight  decrease  In 
speed  thereafter. 

L255 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

MEASUREMENTS  ON  SHAPED  CHARGES  WITH 
THE  BALLISTIC  PENDULUM,  by  J.  H.  Frazer 
and  C.  P.  Jenlmore.  Aug.  L7,  1943,  lOp.  IncL 
illus.  diagrs.  (BRL  rept.  no.  391)  Confidential 

Calculations  of  the  momentum  imparted  to  a  tar¬ 
get  by  the  jet  from  conical  shaped  charges  are 
reported.  Measuring  the  mass  of  the  pendulum 
bob,  length  of  pendulum,  and  length  of  chord  of 
the  stylus  trace  allowed  the  calculation  of  the 
momentum  given  the  bob  by  the  Jet  of  the  charge. 

L256 

Ballistic  Research  Laboratory,. Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHIC  STUDY  OF  THE  CON¬ 
TROLLED  FRAGMENTATION  FROM  A  CABLE 
CUTTER  TYPE  CHARGE,  by  J.  C.  Clark.  Dec. 
2,  1943,  5p.  incl.  illus.  (BRL  Memo.  rept. 
no.  253)  Confidential 

A  cylindrical  trough  charge  was  investigated  for 
use  as  a  cable  culting  charge.  Radiographs  of 
the  charge  at  various  stages  after  firing  are 
shown. 


L257 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

DETONATION  TIME  MEASUREMENTS  OF 
M6A1  ROCKETS  EQUIPPED  WITH  A  POINT 
DETONATING  FUZE,  by  J.  C.  Clark.  Dec.  22, 
1943,  ap.  incL  illus.  (BRL  Memo.  rept.  no.  260) 

Confidential 
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M6A1  rockets,  modified  with  a  M46  fuze  In  the 
nose  end,  were  fired  to  determine  the  detonation 
time.  High  speed  photographs  were  made  to  de¬ 
termine  the  condition  of  the  ogive  at  detonation 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

MEASUREMENT  OF  DETONATION  TIME  FOR 
2.36-TN.  ROCKET,  by  J.  C.  Clark.  Dec.  2?, 
1943,  37p.  incl.  Ulus,  dlagrs.  (BRL  rept. 
no-  440)  Confidential 

Measurements  were  made  of  the  time  interval 
between  the  rocket  ogive  contact  with  target  and 
the  instant  of  detonation  of  the  explosive  charge. 
Photographs  made  with,  a  pinhole  drum  camera 
are  shown  of  the  rocket  approaching  the  target  ' 
and  detonating  after  Impact. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

STABILITY  OF  THE  07- MM.  HEAT  SHELL 
T20  AND  HE  SHELL  T22,  by  H.  P.  Hitchcock. 
June  7,  1944,  17p.  incl.  tables.  (Ordnance 
Research  Center  pro),  no.  2804,  BRL  Memo, 
rept.  no,  300)  Confidential 

Stability  firings  were  made  of  the  HEAT  shell, 
T20,  with  cither  the  blunt-nosed  or  long-pointed 
windshield.  These  tests  showed  that  the  T29 
rounds  of  both  types  were  not  stable  enough  to 
trail  properly  when  fired  from  the  57-mm.  gun 
T15E2  having  a  1/30  twist,  J.e.,  1  turn  in  30 
caiiberB;  however,  satisfactory  flight  stablUlv 
was  obtained  when  both  types  of  rounds  were, 
used  with  the  57-mm.  gun  TI5B3  having  a  1/20 
twist.  It  was  concluded  that  when  fired  from  a 
1/20-twist  gun,  the  long-pointed  type  would 
tumble  but  the  blunt-nosed  type  would  trail 
properly. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

VISIT  TO  SAFETY  IN  MINES  LABORATORY 
BUXTON;  EXPLOSIVE  PHENOMENA  AND 
FRAGMENTATION,  by  R.  H.  Kent.  Dec.  28, 

1843,  2p.  Confidential 

Brief  summaries  of  the  topics  are  discussed  on 
the  visit  to  the  Safety  in  Mines  Laboratory  are 
reported.  It  is  mentioned  that  paper  liners  were 
used  successfully  in  the  3-tn.  rocket  to  obtain 
fragments  of  any  desired  size.  A  mass  distribution 
law  for  fragmentation  Is  stated  briefly. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHS  OF  COMMERCIAL  ELEC¬ 
TRIC  DETONATORS  DURING  DETONATION,  by 
J,  C.  Clark.  Mar.  28,  1944,  I4p.  incl.  ilius. 
(BRL  rept.  no.  451)  Confidential 

Flash  radiographs  are  shown  of  commercial  de¬ 
tonators  of  no  0,  no.  8,  no.  12,  and  "Engineera 
Special"  sizes  during  detonation. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

DESIGN  OF  A  C0-MM.  HOLLOW  CHARGE 
FANNED  SHELL,  by  3.  Zarocndy.  Sept.  27, 

1944,  5p.  dlagrs.  (Ordnance  Research  and  De¬ 
velopment  Center  pro).  no.  2221-1,  BRL  Memo 
rept  no.  332)  Confidential 

The  design  of  a  60- mm.  shaped  charge,  fin- 
stabilized  shell  for  use  with  the  Ml  and  T18E0 
mortars  Is  discussed.  It  Is  proposed  that:  (1)  line 
be  used  to  overcome  the  overturning  moment  of  tho 
shell  body,  thus  maintaining  stability;  (2)  the  oglvo 
be  short  and  narrow,  l.e.,  like  those  used  by  the 
Germans  in  the  faustpatrone  and  puppehen  sheila, 
to  keep  the  c.p.  as  far  ait  as  possible;  (3)  the 
electro-magnetic  fuze  be  heavy  In  order  to  dtspiaco 
the  c.  g.  of  the  shell  as  far  forward  as  possible; 

(4)  the  fuze  be  simitar  to  the  German  point-deto-* 
natlng  fuze  AZ-5095;  (5)  the  fuze  not  obstruct  tho 
jet;  (6)  the  conical  liner  be  similar  to  the  Bazooka 
liner,  but  of  smaller  diameter  so  as  to  withstand 
the  high  external  pressure.  It  Is  believed  that  a  shell 
of  substantially  the  same  design  can  be  used  ina 
57-mm.  recoilless  gun  or  its  equivalent.  SketcheD 
of  a  eo-mm.  shaped  charge  shell  are  Included. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHS  OF  THE  BRITISH  233 
FUZE  DURING  DETONATION,  by  J.  C.  Clark. 
Apr.  24,  1944,  7p.  Incl.  ilius.  (BRL  Memo.  rept. 
no-  2BB)  Confidential 

Radiographs  are  shown  of  the  Jet  formed  by  the 
British  233  fuze  which  employs  a  lined  shaped 
charge. 


Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

REMARK  ON  THE  HILI.-MOTT-PACK  THEORY 
OF  PENETRATION  BY  MUNHOE  JETS,  by 
G.  Blrkhoff.  Oct.  31,  1944,  4p.  Incl.  Jiagr. 

»BP.L  rept.  no.  497)  Confidential 

A  study  of  the  Hill- Mott- Pack  theory  revealed  why 
standoff  does  not  increase  the  volume  of  the  hole 
from  a  jet,  and  why  the  penetration  depth  is  not 
increased  by  standoff  In  the  case  cf  rotated 
conical  liners. 
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L205 

Ballistic  Research  Laboratory,.  Aberdeen  Proving 
Ground. 

PANEL  FRAGMENTATION  TESTS  OF  105-MM 
H.E.  SHELL,  Ml.  AND  105  MM.  HEAT  SHELL, 
M07,  by  A.  V.  Bcshkovitch.  Mar.  3,  194£,  28p. 
lncl.  diagrs.  ilius.  (BRL  Memo  rept.  no.  358) 

Confidential 

Panel  fragmentation  tests  of  the  M67  showed  1321 
performations  on  a  ZO-It.  sphere  surrounding  the 
shell.  Between  100  and  200  of  these  were  caused 
by  very  small  Irarmsnts  associated  with  the 
shaped  charge  ''spit"  in  the  nose  spray  and  would 
not  contribute  to  ‘he  fragmentation  efficiency  of 
the  shell.  The  Ml  shell  gave  1507  perforaUons  on 
the  20-ft.  sphere.  The  directional  distributions  of 
the  fragments  of  lie  M67  and  Ml  shells  were  those 
of  typical  artillery  shells.  The  M57  shell  had  a  • 
very  intense  nose  spray  that  exceeded  that  of  the 
Ml.  The  fragmeti  velocity  In  the  ride  spra?  of 
the  MK7  shell  was  3410  ft. /'sec.  and  3780  ft. /sec. 
lor  the  Ml.  Fragment  velocity  in  the  tall  sprayol 
the  M67  was  2730  it.  /sec.  against  2730  ft. /sec. 
for  the  Ml. 


L260 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHS  OF  ROTATING  CHARGES, 
by  [J.  C.  Clark],  Progress  rept.  Feb.  15-Mar. 

15,  1945.  3p.  Confidential 

Flash  radiographs  made  of  the  jets  from  steel 
hemispherically  lined  charges  during  rotation 
showed  no  effect  of  rotation  in  the  early  stages, 
but  In  the  later  stages  the  jet  spread  at  rotational 
speeds  above  150  r.p.  s.  for  the  charges  used. 

L7G7 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHS  OF  ROTATING  CAVITY 
CHARGES,  by  fJ.  C.  Clark],  Progress  rept. 

Apr.  15-May  15,  1045.  May  22,  1945,  3p.  incl. 
Ulus,  diagr.  Confidential 

Flash  radiographs  were  made  of  jet  formation 
from  rotating  charges  bearing  45p  Cu  and  steel 
liners.  The  radiographs  show  that  the  jet3  from 
rotated  charges  experience  spreading  and  that  the 
amount  of  spreading  increases  with  the  rotational 
speed. 

L268 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

FLASH  RADIOGRAPHIC  STUDY  OF  CON¬ 
TROLLED  FRAGMENTATION,  by  [J.  C.  Clark], 
Progress  rept.  May  15- June  15,  1945.  [May  20, 
1345],  7p,  incl.  illus.  Confidential 

Flash  radiographs  sere  made  of  the  jets  from 


flanged  and  unfianged  liners  to  correlate  the 
nature  of  the  jet  ar.d  target  penetration  data,  and 
to  determine  the  effect  of  the  base  flange  upoa  tiiQ 
process  of  jet  formation.  Flash  radiographs  aro 
shown  also  for  ring  charges. 


L269 

Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground. 

PROPOSALS  TO  COMPENSATE  EFFECTS  OF 
PROJECTILE  SPIN  ON  SHAPED  CHARGE  JETS 
BY  MAGNETIC  FIELDS,  by  G.  Breit.  May  25, 
1S45,  lip.  Incl.  diagrs.  (BRL  Memo.  rept. 
no-  372)  Confidential 

'  Attempts  were  made  to  compensate  for  the  dis¬ 
turbing  effects  of  projectile  rotation  on  the  forma¬ 
tion  of  shaped  charge  jels  by  a  magnetic  field 
directed  along  the  spin  axis.  Compensation  of 
rotation  effects  by  magnetic  fields  was  reported 
to  be  Impractical;  weaknesses  Lc  the  proposals 
are  enumerated. 


L270 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

HOLLOW  CHARGE  ANTITANK  PROJECTILES, 
by  G.  Birkhoff.  Feb.  10,  1947,  25p.  Incl.  table, 
diagrs.  (BRL  rept.  no.  623)  Confidential 

The  hydrodynamic  theories  of  jet  formation  and 
penetration  by  lined  charges  are  discussed  with 
emphasis  on  change  of  scale,  compressibility, 
hydrodynamics  of  rotation,  and  shear  lines  In  tho 
slug.  Practical  questions  relating  to  the  use  of 
shaped  charge  projectiles  are  treated,  A  number 
of  useful  bibliographical  references  are  given  In 
the  footnotes. 


L271 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

A  NOTE  ON  THE  INITIAL  VELOCITIES  OF 
FRAGMENTS  FROM  WARHEADS,  by  T.  E.  Sterne. 
Sept.  2.  1947,  2Up.  (Rept.  no.  648)  TIP  C59018 

Confidential 

Theoretical  analyses  are  presented  for  the  veloc¬ 
ities  of  fragments  from  cased  explosive  cylindero 
with  metai  cores,  from  "sandwiches"  consisting 
of  slabs  or  metal  separated  by  slabs  of  explosive, 
and  from  single  slabs  of  metal  in  contact  with 
slabs  of  explosive.  Satisfactory  agreement  Is 
found  with  experiment,  and  limits  are  obtained 
which  bound  the  velocities  of  fragments  from  hol- 
.  iow  cylindrical  warheads.  (TIP  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

EXPERIMENTS  WITH  105-MM.  (HOWITZER) 
FIN-STABILIZED  HOLLOW  CHARGE  SHELL, 
by  S.  J.  Zaroodny.  Sept.  15,  1047,  lv.  IncL 
tliu.-s.  dlagrs.  (BRL  Memo.  rept.  no.  457) 

Confidential 

To  regain  the  loss  of  penetration  of  the  TUS-mnr. 
HEAT  shell  M87  caused  by  spin,  attempts  were 
made  lo  stabilize  this  sheU  by  means  of  fins.  A 
detailed  sketch  and  discussion  of  the  design  as 
last  tried  are  given.  Experimentation  was  limited 
to  rigid  shapes,  i.e. ,  without  any  moving  parts. 

A  brief  summary  of  the  firing  records  is  presented. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

VULNERABILITY  OF  SIMULATED  MISSILE 
WARHEADS,  by  K.  S.  Jones.  Dec.  12,  1947, 

59p.  lncl.  illus.  rabies,  dlagrs.  (BRL  Memo, 
rept.  no.  472)  Confidential 

A  series  of  tests  to  determine  the  vulnerability  of 
guided  missile  warheads  to  fragments,  blast- 
shaped  charges,  and  bullets  are  described.  War- 
beads  were  simulated  by  500-lb.  GP  bombs  and 
4000-lb.  LC  bombs.  In  the  shaped  charge  portion 
of  the  experiments,  40-lb.  shaped  charges  and 
2.  36-in.  M6A5  rockets  were  tested.  Diagrams  and 
results  of  firing  tests  are  appended. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

HIGH  SPEED  RADIOGRAPHIC  STUDIES  OF 
CONTROLLED  FRAGMENTATION  -  COLLAPSE 
OF  HEMISPHERICAL  AND  SEGMENTAL  CAVITY 
CHARGE  LINERS,  by  R.  O.  Fleming,  Jr.  Mar. 
25,  1948,  12p.  Illus.  (BRL  rept.  no.  667) 

Confidential 

Data  are  given  on  the  collapse  of  hemispherical 
liners,  and  the  possibilities  were  investigated  of 
using  lined  explosive  charges  as  high  velocity 
fragment  projectors.  Investigations  made  of  the 
charges  showed  that  under  certain  conditions,  an 
opposite  coliinear  jet  is  formed  in  addition  to  the 
forward  moving  component. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SPECIAL  PROBLEM  IN  SHAPED  CHARGES. 
Progress  rept.  June  1948.  Ip.  incl.  diagir. 

TIP  Cl 662  Confidential 

The  purpose  of  the  investigation  was  to  obtain  a  . 
jet  having  a  large  mass  which  is  suitable  for  in¬ 
corporation  in  a  guided  missile  warhead.  Axially 
bisected  convc:;  charges  were  detonated  resting 


flush  upon  0. 5-in.  steel  plates.  The  location  and 
depth  of  a  deep  gouge,  made  in  the  steel  plate  at 
the  point  cf  shock  wave  Interaction,  was  controlled 
by  the  base  angle  of  a  Pb  nozzle. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SPECLAL  PROBLEM  IN  SHAPED  CHARGES. 
Progress  rept.  July  194B.  ip,  incL  table.  ' 

TIP  C17D3  Confidential 

The  purpose  of  the  investigation  was  to  obtain  a 
Jet  having  a  large  mass  which  Is  suitable  for  In¬ 
corporation  in  a  guided  missile  warhead.  Four 
large  6-in.  diameter  charges  (90°  and  120°  Cu 
liners)  were  detonated  at  ranges  of  100  and  200  JL 
against  3-ln.  armor  plate.  The  1/8  in.  thick, 

90°  spherical  segment  liner  gave  the  best  pene¬ 
tration  and  least  spread  of  fragments. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  EFFECT  OF  ROTATION  UPON  TEE  EX¬ 
PLOSIVE  COLLAPSE  OF  THIN  METAL  SUR¬ 
FACES  OF  REVOLUTION,  by  J.  C,  Clark  and 
R.  O.  Fleming,  Jr.  July  8,  1948,  22p,  incl.  Ulus, 
dlagrs.  PRL  rept.  no.  C71)  Confidential 

Flash  radiographs  of  the  collapse  of  thin  metal 
surfaces  of  revolution  surrounded  by  explosive 
were  takes,  during  the  rotation  process.  The 
radiographs  showed  that  jets  from  hemispherical 
liners  did  not  undergo  the  marked  changes  that 
occurred  in  the  case  of  jets  from  conical  Ilnerc. 
Jets  from  hemispherical  liners  broadened  at  high 
rotational  speeds.  The  spreading  or  fanning  of 
jets  from  collapsing  right  circular  liners  wan 
greater  at  higher  rotational  speeds.  Hash  radio¬ 
graphic  experiments  are  discussed  and  comments 
are  made  on  X-ray  apparatus,  rotator.  X-ray 
triggering  and  timing,  explosive  charges,  and 
thin  metal  liners. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

JET  EFFECTS  FROM  PLANE-ENDED  CHARGES, 
by  H.  L  Brcidenbr.ch  and  R.  O.  Fleming,  Jr. 

Dec.  14,  1948,  12p.  incl.  illus.  diagrs.  (BRL 
Memo.  rept.  nD.  485)  TIP  R1727  Restricted 

Experiments  aie  described  in  which  the  detonation 
products  from  a  plane-ended  explosive  charge  axe 
directed  through  conical  nozzles  having  various 
cone  angles.  A  thin  disc  of  either  wood  or  metal 
placed  in  the  orifice  of  the  nozzle  Is  accelerated 
to  a  high  velocity.  The  interaction  of  the  shock 
wave's  that  are  reflected  from  the  wall  of  the 
conical  nozzle  produces  a  resultant  shock  wave 
which  appears  in  the  form  of  a  narrow  jet,  which 
strikes  the  disc  at  its  center.  By  varying  the 
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re-ult^Me?  th?,no2z't?-  tt  Is  Possible  to  produce 
resultant  Jets  e^her  along  or  opposite  to  the 

direction  of  the  detonation.  It  is  not  at  present  a 
means  of  obtaining  a  Jet  at  all  comparable  to  that 
obtained  from  cavity  charges.  This  Is  true  because 

,  .  ihG  Tn?,ana.r  shaPc  °*  Hie  emergent  shock  wave 
which  strikes  the  nozzle  walls  at  different  angles 
causing  various  interaction  angles  and  times  of 
Interaction,  which  may  have  a  subtractive  as  well 
as  an  additive  effect.  (BRL.  abstract^ 


BalGrourdROSearCh  Laboralor,C3<  Aberdeen  Proving 
LONG  RANGE  LOW  VELOCITY  JETS  FROM 

^Irefd^f ’ob?a'  °‘ 

H.  ..  Bremen  bach.  Oct.  1949,  12p.  incl.  illus. 
diagrs.  (BRL  Memo.  rept.  no.  493)  TIP  C2837 

Confidential 

Four  experimental  shaped  charges  (cast  50/50 
Pentohte)  In  the  form  of  paraboloids  (20-cm. 

I  “e  cr(.w|lil  “  stem-  designed  to  produce  jots  of 

t  IS  °C,t?  an<J  r'sh  mass’  were  detonated  at  30 
and  60  m.  from  the  back  surface  of  a  7.  5-cm 

face-hardened  armoi  plate.  Two  charges  had  90° 

“  prV,nn  yer  120  Bpherical  she!1  ^ents  as 
n  MCc  arEC  havblg  3  90°  spherical  seg¬ 
ment  liner  (15-cm.  diameter,  3  mm.  thick'  det- 
onated  at  a  distance  of  30  m.  produced  a  pattern 
n  which  90%  of  the  fragments  were  located  in  a 
circular  area  18  cm.  In  diameter.  The  large  slugu 
from  this  charge  which  weighed  3. 49  kg.  pene-  - 
trated  to  a  depth  of  3. 75  cm.  Although  only  l  of 
CharGC'  Was  detonated,  it  appears  that 
of  hlh  e1,Kr‘  Mfoy  be  USOful  vhere  a  !inear  strbam 

ouirnd  n?  °CUy  (?’  l°°  foments  is  re¬ 

quired  at  large  standoff  distances.  For  velocity 

comparison,  6  Navy  Mark  3  demolition  charges7 
(7.  -cm,  diameter,  80*  steel  liners)  were  det-  . 
°natad  ar-d  velocities  taken  at  various  distances  up 
to  40  m.  Test  results  are  tabulated.  P 


DaGro.1indRtfSearCh  LaboratorIes.  Aberdeen  Proving 

OUR.,LNTITANK  PROJECTILE  PREDICAMENT, 
by.  C‘,  ComPton-  Mar.  20,  1950,  p.  27-34  incl 
tables.  (Proj.  no.  TB3-1224B,  BRL  rent 

heid^i/^  nCPt‘  01  Firc!  Tank  Cm{ercnce 
held  at  AbiH^n  Mar  20-22,  1950,  [compiled  byj 

F.  I.  Hill,  Secret,  TIPS1651)  Secret 

In  the  discussion  on  ways  to  defeat  tanks,  it  was 
pointed  out  that  the  fin-stabilized  shaped  charge 
projectile  both  the  rocket  and  non-r£ket  tynf 

,  t0,dePeat  4-7-bl-  P'ate  at  55*  obliquity 
4  7  in  at  S,  P. 3,e  °.r  the  R,,ss‘an  JS  HI  tank  Is7 
nnint  h-^if5  obli(lultV>-  Tests  showed  that  at 
po  nt-b.ank  range,  the  90-ram.  non-rocket  type 

np^.aiCd  5  ln'  at  ®°  •  The  fi3S  presented  a  weak- 
of  ‘heir  susceptibility  to  cross  winds 

f nd  ..ht?y  Il1"J1‘c'd.lh€  veJoci‘y  at  Which  the  pro- 
jectile  could  be  fired.  * 

SECRET 


Oratories,  Aberdeen  Proving 
PROGRESS  IN  DEVELOPING  EMPIRICAL 

incl.  tables,  diagrs.  (Pro]!  no.  TB3-1224B 
BRL  rept.  no.  739)  (In  Its  Rept.  of  First  Tmik 
Conference  held  at  Aberdeen,  Mar.  20-22  1950 
[compiled  by]  F.  1.  Hill,  Secret,  TIP  SI651)  ' 

Secret 

am  Investigation  of  penetration,  gun  weight  and 
tank  gross  weight  showed  that  the  00-mm  ’hEAT 
round  appeared  to  be  a  promising  soluTion  to  fhe 
gun-iound  combination  to  defeat  the  JS  m  frontal 

Sv  of  ^  °{  Ihe  flrst  roUnd  h“  prob- 

ability  of  the  guns  showed  that  some  typo  of  ranee 

Z  Z  7a5f  dGSlrable  Witb  a»  andThat  Zf 

the  nrnl  °f[C0atemPlated  range  finders  for  tanks 
the  present  accuracy  of  the  90-mm.  HEAT  round 

hifeonidbe^tv  Pr°babllily  01  a  “rst  roundd 

nit  could  be  attained  at  only  1000  yd. 


Ba  Gri^i RCSe?rCh  Labora,orles*  Aberdeen  Proving 
105-MM-  T138  PROJEC- 

incLit0-^- 

‘S  P°intCd  °Ut  that  ,hG  data  are  scanty, 

£  ‘  Was  so~‘e  mdicatiDP-  ‘hat  light  based  con- 
promtsing!  SEparation  fixlnB  deldce3  were 


8aGroLReSearCh  UboratPrles-  Aberdeen  Proving 

probabilities  of  hitting  for  fin-stabit 
HEAT  i™|CTJLES,™  THE  ™fL‘ 

HtAT  TYPE.  Aug.  1950,  4p.  diagrs  (Prnl 
no.  B3-0230A,  BRL  Technical  note  no.  282)" 

Confidential 

Probabilities  °f  hitting  a  vertical  target  7.  5  ft  jr 

at  100°-  and  2000 -yd.  range  are  graphed 
aga.nSl  various  errors  In  estimating  range  for 
muzzle  velocities  of  1800,  2440,  and  3000  ft.  /Eec 

bnb^H  5  assumP‘ions  of  interior  and  exterior  ' 
C  ^ana  ons  for  ,hc  M-min.  T198  fin- 
stabilized  HEAT  round.  (BRL  abstract) 


BaGroundReS€arCh  UboratorlGS.  Aberdeen  Proving 

“™SED  program  for  development  or 
ARAIOR  to  DEFEAT  HEAT  AND  SQUASH 

™"KTILES,  by  [F.  L  Hifl]  ^'  1950 

BRLTerh  f  eS’,dia£r5-  (Pr<*  TB3T224B 

BRL  Technical  note  no.  2B1)  Confidential 
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The  following  proposed  experimental  program  to 
e/elop  suitable  tank  armor  capable  of  giving  some 
.p  oteuiun i  against  probable  types  of  shaped  charge 
and  squash  head  projectiles  is  discussed:  (l)  the 
design  ?f  a  glass  armor  material  for  application  to 
^  .eel  capable  of  providing  protection  against  the 

”  r°Ck*C  f*d  the  S0-,nm-  T108  round;  (2)  the 
eve  opment  of  spike  designs  lor  defeat  of  the 
3.  5-in  roexet  and  the  90-mm.  T108;  (3)  the 
determination  of  practicable  methods  of  using - 
P  astic  explosives  defensively  against  shaped 

fcatsTe  shf  LPrnCtlCable  arm°r  ,ype  Whlch  de* 
leats  the  shaped  charge  projectiles  fired  will  be 

tested  against  the  105-inm.  TB1  projectile. 


L20S 

BaIIGroCu?de.SearCh  Laboratorles-  Aberdeen  Proving 

WIND  TUNNEL  TESTS  OF  THE  TB4  75-MM 

ST  H.  Kriegerf  SJ. 

1950,  4lp.  incl.  lllus.  tables,  dtagrs.  (Prof 
no.  TB3-0230A,  BRL  Memo,  rept  no.  518) 

Confidential 

Models  of  the  T84  75-mm.  HEAT  fin-stabilized 

lii  drWJe  °S,ed, a,‘  M  =  U2  “>  determine  their 
lUt,  drag,  normal  force,  pitching  moment,  and 

•  p.  Three  different  fin  assemblies  and  11  dlf. 
fi?  body  nos®  shapes,  1  sharp  and  the  other 
^“n‘-  ”are  used-  All  the  fins  were  of  approxi¬ 
mately  the  same  plan  form,  but  with  sweenbarb 
ang  es  cf50’,  65%  and  75%  respectl^  The 

■  tion,  t  fJ^Stable  for  a,J  hody-*in  combina¬ 
tions  tested,  the  greatest  stability  being  pos- 

fwrnih^i  n®  bllf t'nosed  body  with  the  50-degree 
s  eptback  fins.  It  was  observed  that  with  in¬ 
creasing  fin  sweepback  angle,  thec.p.  moved 
f°™  decid?dl7-  An  increase  in  the  tTl 

nose  b^v  .raefUCer/'le  f°re  dra^  alt  ‘b*  sharp- 
dr^  ^y-^^  configurations  showed  lower  fore 

Tne  tesl^f  n  ’t'n0Se  bod-“-*ad  combinations. 
The  test  results  appear  as  aerodynamic  coef¬ 
ficients  on  graphs  and  tables.  (BRL  abstract) 


L28G 

Ba,UGround0SearCh  Laboratorie3*  Aberdeen  Proving 

COMPAP.IGON  OF  SINGLE  AND  RIPPLE 
FIR  DIG  OF  ROCKETS,  by  W.  L.  Deemer  Jr 
Nov.  1950,  p.  2C0-206.  (Proj.  no.  TE3-1224B 

Con^eren1'  "u", J7^  n°rt-  ol  Second  Tank 

rnmniuai^  h-e  d  at  Aberdeen,  Nov.  27-29,  1950 
mpiled  by  J.  R.  Williams,  Secret,  TIP  S2268) 

Secret 

Brief  mention  was  made  of  the  first  200  0.8-ln 

fanlf*fd  n,\rnn  rockets  USed  Korea  against 
tanks.  Ol  180  rounds  fired  from  F51  aircraft 
12  hits  were  kills.  -  .  « reran. 


L287 

EallGrou^dSParCtl  Labor2,orlcs-  Aberdeen  Proving 
ON  THE  DEVELOPMENT  OF  A  LOW  SPIN 

S'wf  ^IcoSdes. 

N°  17p'  iIlus-  ‘awes,  dlagrs.  (Proj. 

no.  TB3-2Q30A,  BRL  Memo,  rept.  no.  527) 

Confidential 

™.E  the  T138  project  is  concerned 

f'‘U*be  ^vclapment  of  an  aerodynamic  carrier 

ouirl  f  1*P  ChargC  Whlch  is  capable  01  cheap, 

quick,  and  easy  construction  and  may  be  laurched 

F«H^DyW^DnVeDtiDaal  ballist‘c  techniques. 
Estimates  of  the  aerodynamic  coefficients  from 
the  supersonic  wind  tunnel  and  the  transonic 
range  are  given.  Estimates  are  also  given  for 
-he  performance  of  the  standard  £20  model  and 

madiiicaU°ns-  It  was  shown  both 
theoretically  and  experimentally  that  the  E20 
shell  performance  could  be  improved  by  locating 
the  c.g.  in  a  particular  rear  position.  A  change 

resuheri  f  7  V*  caUfatrs  tow:ird  tf>e  base 
resulted  in  a  reduction  of  the  horizontal  and 

•  extical  probable  errors  by  4  and  3,  respectively. 

L28B 

BaGroinieSearCh  Lab0rat0I'les-  Aberdeen  Proving 

PRELIMINARY  RESULTS  OF  FIRST  VULNER 
ABILITY  STUDIES  ON  TANKS,  byi.lmS 

no°V-TB35  2  2%18;lVn,:I-  ‘ableS-  Wi  (ft*. 

cTB3j122r‘B’  BRLrePt-  no.  779)  (In  its  Rent 

NovE  27  29antonCn°riferCnCe  held  at  AbeTd^". 

Nov.  27-29,  1950,  compiled  by  J.  R.  Willlamn 

Secret,  TIP  S2268)  ’  *  Secret 

^iT/mK16  ^  [nclwi^  HEAT 

...f"-  ,.“3A?)  roc,tel'  were  Lred  fn  the  vulner- 

resuUSS  f  LO  T2f4  ,aak  Preliminary 

results  of  the  3.  5-ln.  rocket  firings  Indicated 

(1)  the  K  hill  success  of  the  HEAT  round 
depends  on  its  striking  the  tank’s  fuel  or 
ammunition. 

(2)  the  HEAT  jet  must  hit  the  ammunition  to 
detonate  a  round. 

(3>  a  ft '  oft  hej  ^  m3  C  e  occurs  ln  3  small  cylinder 
(4)  the  damage  outside  this  area  is  caused 

by  ®ma11  armor  fragments  W  ich 
can  be  stopped  with  body  armor. 
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P?207E23fl'iIpR’.  byA‘  Hurlich-  Nov-  195°. 
no  770?  iV  J  J’  n°-  TB3-1224B,  BRL  rept. 

held  J^ak-’Tt5  Rept‘  °f  Second  Tank  Conference 

J  R  w1mf^n'-N0V-  27‘29'  1950>  comP*led  by 
J-  R.  Williams,  occ;ct,  TIP  S2263)  Secret 

The  use  and  limitations  of  spaced  armcr  against 
various  ordnance,  including  shaped  charge^  are 
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discussed.  Very  brief  mention  Is  made  of  shaped 
charge  attack  against  spaced  armor  during  and 
after  World  War  H.  It  ia  believed  that  an  arrange¬ 
ment  having  the  main  armor  sloped  at  about  30’ 
obliquity  with  the  skirting  plate  tilted  in  the  op¬ 
posite  direction  as  a  single  plate  or  as  a  series  of 
plates  in  a  Venetian-blind  configuration  will  be 
equally  effective  against  shaped  charge  and 
■"cquash-head"  rounds  as  well  no  against  all  types 
cf  kinetic- energy  projectiles: 
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INTERIM  REPORT  OF  AD  HOC  COMMITTEE  TO 
STUDY  SHAPED  CHARGE  PROGRAM,  by 
G.  Birkhoff  *>«!  others.  Jan.  26,  7051 ,  [21Jp. 

Incl.  dlagrs.  Secret 


HEAT  rocket  were  only  slightly  less  than  the  areas 
vulnerable  to  the  3. 5-in.  HEAT  projectile. 
Vulnerable  area  to  mobility  damage  was  larger 
than  vulnerable  area  to  fire  power  damage.  The 
vulnerable  area  to  damage  resulting  in  a  kill  was  • 
considerably  smaller  than  that  of  cither  of  the 
above  categories  of  damage.  Tabular  data  sum¬ 
marizing  the  resulio  follow; 


Hound 


2.36-in. 

rocket 

3.  5 -In. 
rocket 


Elevation 

Mobility 

Firepower 

Probability 

angle 

damage 

damage 

ofa"kUT 

9” 

.32 

.14 

.12 

30° 

.20 

.12 

.11 

0” 

.33 

.17 

.14 

30* 

.33 

.16 

.13 
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A  summary  Is  presented  of  the  status  of  work  on 
shaped  charges  and  related  questions.  Mention  Is 
made  of  the  work  being  conducted  at  the  Carnegie 
Institute  of  Technology  including  the  study  of 
detonation  waves,  liner  collapse  and  Jet  formation, 
Kerr  cell  technique,  jet  penetration  and  armor, 
and  spin  compensation  A  3  page  progress  rept. 
on  Basic  Research  and  Development  of  Shaped 
Charges  by  W.  Rlum  of  the  National  Bureau  cf 
Standards  Is  appended.  In  it,  the  preparation  on 
smooth  and  fluted  liners  is  discussed. 
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THE  ACCURACY  AND  PENETRATION  CHARAC¬ 
TERISTICS  OF  THE  2.36-AND  3.5-IN.  HEAT 
ROCKETS,  by  [A.  R.  Vincent].  Revised,  May 
105f,  20p.  incl,  dlagrs.  (ProJ.  no.  TB3-1224B, 
ERL  Technical  note  no.  363)  Confidential 

The  penetration  and  accuracy  data  for  the  2.36- 
and  3.  5-ln.  HEAT  rockets  are  compiled,  and  the 
probability  of  penetrating  a  6  ft.  x  0  ft.  target  at 
60°  obliquity  from  normal  is  given  as  a  function 
of  range  and  plate  thickness. 
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ESTIMATES  CONCERNING  THE  VULNER¬ 
ABILITY  OF  THE  RUSSIAN  T34/85  TANK  TO 
THE  3.  5-IN.  AND  2.  36- IN.  HOLLOW  CHARGE 
WEAPONS.  Aug.  1951,  38p.  Incl.  tables,  dlagrs. 
(Proj.  no.  TB3-1224B,  BRL  Technical  note 
no.  472)  TIP  C6775  Confidential 

Estimates  of  the  vulnerable  areas  of  the  T34/85 
Russian  tank  to  the  2.  3G-in.  and  5.  5-ln.  HEAT 
rockets  arc  given  for  various  angles  of  attack 
from  both  air  and  ground.  The  method  for  calculat¬ 
ing  tank  vulnerable  areas  is  appended.  The  prob¬ 
ability  of  a  hit  being  a  kill  as  a  function  of  azimuth 
angle  of  attack  is  given  also.  Results  Indicated  thai 
the  vulnerable  areas  of  the  T34/85  to  the  2. 3B-in. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 

Ground.  _ _ 

PERFORMANCE  OF  NAVAL  SHAPED  CHARGE 
ROCKETS,  by  A.  N.  Beardslee.  Aug.  27,  1951, 
p.  56-68.  (Pro).,  no.  TB3-1224B,  BRL  rept. 
no.  780)  (In  Us  Rept.  of  Third  Tank  Conference 
held  at  Aberdeen,  Aug.  27-29,  1951,  compiled  by 
A.  E.  Roden,  Secret,  TIP  32284)  Secret 

Penetration  test  results  are  reported  from  the 
5-in.  Mk  25  Mod  1  shaped  charge  head.  The  head 
employs  a  Cu  conical  liner,  4.  5-in.  in  diameter 
and  1/8  In.  thick.  Rounds  fired  from  the  1050-fL 
launcher  at  0°,  45”,  60°  and  63”  obliquity,  pene¬ 
trated  completely  9.  5  in.  ol  armor .  At  the  ex¬ 
treme  Obliquity  an  actual  penetration  of  20  in.  wan 
obtained.  It  was  concluded  that  with  the  Mk  25 
head:  (1)  the  expected  consistent  penetration  of 
class  B  armor  plate  was  about  16.  5  to  17.5  in. ; 

(2)  sandbags  with  or  without  trigger  plates  were 
Ineffective  as  protection  in  conjunction  with  any 
known  tanks;  and  (3)  the  fuze  will  operate  at  a 
maximum  obliquity  of  ?bout  65°.  Penetration  tests 
of  the  6.  5-in.  ATAR  using  the  1500  ft.  launcher 
showed  that  the  rockets  penetrated  from  10.  5  to 
13.  5  In.  of  armor  at  60”  obliquity.  It  was  con¬ 
cluded  that  shaped  charge  rockets  can  defeat  the 
armor  of  any  tank  that  can  be  foreseen,  and  that 
any  defense  agninst  these  rockets  must  be  obtained 
by  means  other  than  by  increased  armor  Ihlcknesc. 
Fragmentation  test  results  Showed  that  at  30  ft., 
the  shaped  charge  rockets  produced  3  times  as 
many  perfoiations  of  i/3-ln.  plate  and  twice  as 
many  perforations  of  3/8-in.  plate  as  did  the 
standard  GP  head. 
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ACCURACY  AND  PENETRATION  OF  THE 
2.36-IN.  AND  3.5-IN.  HEAT  ROCKET,  by 
A.  R.  Vincent.  Aug.  28,  1951,  p.  174-186  Inch 
tables,  diagrs.  (Proj.  no.  TS3-1224B,  BRL  rept. 
no.  780)  (In  Its  Rept.  oi  Third  Tank  Conference 
held  at  Aberdeen,  Aug.  27-29,  1951,  compiled  by 
A.  E.  Roden,  Secret,  TIP  S2284)  Secret 
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The  results  are  reported  of  a  study  made  to 
evaluate  the  2. 30-in,  and  3. 5-ln.  HEAT  rockcto 
as  effective  antitank  weapons.  Dispersion  data 
are  shown  for  the  2  rockets.  With  this  dispersion 
data,  the  probability  of  a  hit  as  a  function  of  range 
was  calculated,  t-enetration  data  from  dynamically 
and  statically  fired  rockets  are  given.  A  com¬ 
parison  of  this  data  showed  lhat  static  firing  re¬ 
sults  gave  a  penetration  depth  1.5  to  2  in.  greater 
than  the  dynamically  fired  rockets.  It  was  con¬ 
duced  that  these  weapons  are  short  range  weapons, 
and  they  are  very  sensitive  to  range  error. 
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THE  CHARACTERISTICS  AND  PERFORMANCE 
.  OF  THE  HELLER  ROCKET  AND  LAUNCHER, 
by  E.  S.  Guy.  Aitg.  28,  1951,  p.  85-112  incl. 
illus.  diagrs.  (Proj.  no.  TB3-1224B,  ERL  rept. 
no.  780)  (In  its  Rept .  of  Third  Tank  Conference 
held  at  Aberdeen,  Aug.  27-29,  1951,  compiled  by 
A.  E.  Roden,  Secret,  TIP  S2284)  Secret 

The  Heller  rocket  and  launcher  is  being  developed 
by  the  Canadians  as  an  infantry  platoon  antitank 
weapon.  The  weapon  Is  fin- stabilised  and  has  a 
shaped  charge  shell.  Shaped  charge  shells  with 
42°  Ca  conical  liners  fired  statically  against  homo 
armor  plate  produced  an  average  penetration  of 
13  in.  In  firings  against  mild  steel,  the  average' 
penetration  was  Increased  to  14.  5  In.  The  HE  used 
in  both  cases  was  RDX/TNT  60/49,  and  the  liner 
was  0.09  in.  thick.  Tests  also  showed  that  when 
the  shaped  charge  was  Initiated  by  the  spit-back 
booster,  the  average  depth  of  penetration  was  only 
80  to  85%  oi  that  obtained  when  the  charge  wan 
Initiated  at  the  rear  with  an  electrical  detonator. 
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PERFORMANCE  OF7  [AND]  CHARACTERISTICS 
OF  BAT  WEAPON,  by  W.  S.  Kroeger,  C.  W.  Flei¬ 
scher,  and  11.  P.  Manning.  Aug.  28,  1951, 
p.  113-155  incl.  Ulus,  diagrs.  (Proj.  no. 
TB3-1224B,  BRL  rept.  no.  780)  (In  its  Rcpt.  of 
Third  Tank  Conference  held  at  Aberdeen,  Aug.  27- 
29,  1951,  compiled  by  A.  E.  Roden,  Secret, 

TIP  S2284)  Secret 

A  review  is  presented  of  the  requirements  for  a 
recoilless  battalion  antitank  rifle.  Data  from 
Firestone  Tire  and  Rubber  Co.  show  that  the  T138 
shaped  charge  projectile  with  smooth  Cu  conical 
iiner,  1/10-in.  wall  thickness,  spinning  at  ap¬ 
proximately  35  r.p.s.  and  fired  at  7. 5-in.  stand¬ 
off,  penetrated  14  In.  of  armor.  Estimated  pene¬ 
tration  values  for  T118E11  (A1  body)  and  E13 
(steel  body)  are  given. 
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RECENT  DEVELOPMENTS  IN  DESIGN  OF 
ANTITANK  ROCKETS  AND  GRENADES,  by 
C.  L.  Beaudry.  Aug.  28,  2951,  p.  77-84.  (Proj.  • 
no.  TB3-1224B,  BRL  rept.  no.  780)  Units  Pept. 
of  Third  Tank  Conference  held  st  Aberdeen, 

Aug-.  27-29,  1951,  compiled  by  A.  E .  Room, 
SecretjTIP  S2284)  Secret 

The  developments  in  the  design  of  antitank  rockets 
and  grenades,  2.  36-in.  and  3. 5-in.. rockets 
(bazooka  and  super-bazooka  rockets)  and  .30 
caliber  rifle  grenades  are  reviewed. 
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UTILIZATION  OF  HAND  ANTITANK  WEAPONS 
BY  THE  INFANTRY,  by  C.  A.  Mette,  Jr.  Aug. 

28,  1951,  p.  156-173  incl.  tables.  (Proj.  no. 
T33-1224B,  13RL' rept.  no.  780)  (In  its  Rept.  of 
Third  Tank  Conference  held  at  Aberdeen.  Aug. 

27-29,  1951,  compiled  by  A.  E.  Roden,  Secret, 

TIP  S2284)  Secret 

The  employment  of  antitank  weapons  Is  discussed. 

A  rept.  Is  appended  from  the  Army  Field  Forces 
Board  Number  3,  Fort  Bcnning,  Ga.  on  Charac¬ 
teristics  mid  Data  on  Standard  and  Test  Infantry 
Antitank  Weapons  which  gives  tabular  data  on: 

(1)  rifle  grenade  launchers  and  ammunition  (HF4T- 
MDA1,  HEAT  Energa  (T41),  and  T37);  (2)  rocket 
launchers  and  ammunition  (2.3G-ln.  HEAT  and 
3.  5-in.  HEAT  M28);  and  (3)  rccollless  rifles  and 
ammunition  (57-mra.  HEAT,  75-mtn.  HEAT,  and 
•  105-mm.  HEAT  and  HEP).  The  defeat  of  armor 
results  for  the  ammunition  at  various  angles  of 
obliquity  are  given. 
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ANALYSIS  OF  THE  PERFORMANCE  OF  THE 
MOCK-UP  BOOSTER  ASSEMBLY  FOR  THE 
MULTI-JET,  SHAPED  CHARGE,  ANTITANK 
MINE,  by  R.  A,  Bailey,  D.  Born,  and  M.  Sultanoff. 
Oct.  1951,  13p.  incl.  illus.  table,  diagrs.  (Proj. 
no.  TB3-1224B,  BRL  Memo.  rept.  no.  584) 

TIP  C7923  Confidential 

An  analysis  of  the  performance  of  a  booster  de¬ 
signed  for  use  in  a  multi-jet  shaped  charge  antitank 
mine  was  made.  The  profile  of  the  shock  on  emer¬ 
gence  from  the  booster,  photographed  with  the 
ultra  high  speed  camera,  was  fitted  with  a  circular 
arc.  The  location  of  the  center  of  curvature  of  this 
arc  is  reported  for  several  lots  of  modified 
boosters.  It  was  concluded  that  the  reproducibility 
oi  the  initiation  produced  by  the  boosters  furnished 
by  Picatinny  Arsen.il  (PA-E-6774-  6797,.  6798,  6799) 
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is  not  sufficient  to  give  a  spherical  initiation  of  the 
mine.  A  brief  estimate  of  the  over-ail  effectiveness 
of  the  multi-jet  mine  is  also  presented.  (BflL 
abstract) 
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THE  APPLICATION"  OF  THE  FARADAY 
MaGNETO-OPTIC  EFFECT  TO  THE  OPTICAL 
STUDY"  OF  EXPLOSIVE  AND  SHAPED  CHAHGE 
MECHANtSMS,  by  M.  Eultanolf  and  R.  A.  Bailey. 
Nov.  1351,  21p.  lncl.  illus.  diagrs.  (Pro),  no. 
TB3-Q112K,  BRL  rept.  no.  731)  Unclassified 

The  employment  of  the  "Rapatronlc"  Faraday  type 
magneto-optic  shutters  of  4  and  I  usee,  exposure 
limes  as  developed  by  Edgerton,  Gemeshausen, 
and  Grier  in  the  study  of  various  mechanisms  of 
explosive  reactions  Is  described.  A  succession  of 
shaped  charge  (conical  and  hemispherical  liners) 
records  taken  with  the  4  and  1  ^isec  shutters  are 
shown. 
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APPLICATION  OF  THEORY  TO  DESIGN,  by 
N.  Rostoker.  Nov.  1951,  p.  7.91-299  incl.  diagrs. 
(Pro),  no.  TB3-0134,  BRL  rept.  no.  837)  (laJlfi 
Transactions  of  Symposium  on  Shaped  Charges  held 
at  thp  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground,  Md. ,  Nov.  13-16,  1951, 
Confidential,  AD-1531)  Confidential 

The  scope  of  the  discussion  was  limited  to  the 
design  of  shaped  charges  with  metal  ccne  liners. 
Design  parameters  considered  were  material, 
geometry,  and  confinement  of  the  explosive,  and 
material  and  geometry  of  the  liner.  Performance 
was  assessed  on  the  basis  of  penetration  depth, 
hole  volume,  and  hole  shape.  Several  specific 
charge  designs  and  their  observed  performance 
are  described.  On  the  basis  of  these  examples  an 
attempt  was  made  to  evaluate  the  guidance  af¬ 
forded  by  theory,  in  its  present  status  to  li.e  design 
of  shaped  charges. 


The  performance  o'  chemical  energy  projectiles 
against  simple  armor  targets  showed  that: 

(1)  Depth  of  penetration  by  HEAT  shell  was  In¬ 
versely  proportlonaLto  the  square  root  of  the 
density  of  the  material  under  attack:  therefore, 
the  thickness  of  material  required  to  defeat  the 
attack  was  also  proportional  to  the  square  root  of 
its  density.  (2)  The  jet  generated  by  HEAT  charge 
continued  In  a  relatively  straight  line  along  the 
line  of  flight  of  the  shell,  consequently  the  armor 
penetration  performance  of  this  type  of  ammtinl- 
tlon  closely  iollowed  the  cosine  law.  (3)  The 
performance  of  the  90  mm.  HEAT  T1O8E20  varied 
greatly  against  a  simple  armor  target  consisting 
of  4-in.  plate  at  40”  obliquity.  Of  10  rounds  fired, 
all  perforated  the  target,  but  the  residual  oene- 
tratlon  varied  from  2  to  5  3/8  in.  When  tested 
against  spaced  armor  with  8-in.  spacing,  2 rounds 
of  3  90  mm.  TI0BE2O's  fired  failed  to  defeat  the 
target. 
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CURRENT  PROGRAM  ON  HEAT  AND  HEP 
ARTILLERY  PROJECTILES,  by  R.  E.  Rayle. 

Nov.  1951,  p.  235-246  IncL  illus.  dlagrs.  (Proj. 
no.  TB3-0134,  BRL  rept.  no.  037)  (Injts  Trans¬ 
actions  of  Symposium  on  Shaped  Charges  held  at 
the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground,  Md. ,  Nov.  13-16,  1951,  Con¬ 
fidential,  AD-1531)  Confidential 

The  current  program  for  fin-stabilized  HEAT 
artillery  projectiles  Is  discussed.  Status  of 
development  Is  given  tn  each  of  the  various  call-  ■ 
bers.  Principal  development  has  been  in  93-mm 
and  lOS-mm.  sizes,  and  developments  In  these 
calibers  are  being  extended  to  other  sizes.  High¬ 
lights  ol  these  developments  are  discussed.  In¬ 
cluding  the  electric  fuze,  the  effect  of  standoff  and 
slow  spin,  and  the  effect  of  cone  variables  on 
penetration.  The  X  factor  as  employed  In  a  recent 
tripartite  conference  was  defined  as  that  depth  into 
homogeneous  armor  measured  in  cone  diameters 
to  which  90?,  of  the  rounds  will  penetrate.  A  K 
factor  of  4  appears  descriptive  of  current  HEAT 
rounds.  Accuracy  of  lin-stabilized  HEAT  rounds 
Is  discussed.  The  accuracy  appears  to  be  about 
.35  mil  horlaontal  or  vertical  probable  error, 
compared  to  about  .  15  ml!  for  spln-stabillv.ed 
projectiles. 
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COMPARATIVE  EFFECTIVENESS  OF  ARMOR- 
DEFEATING  AMMUNITION,  by  A.  Hurlich. 

Nov.  1951,  p.  197-216  incl.  tables,  dlagrs. 

(Proj.  no.  TB3-0I34,  BRL  rept.  no.  837) 

(In  its  Transactions  of  Symposium  on  Shaped 
Charges  held  at  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md. ,  Nav.  13- 
:6,  1951,  Confidential,  AD-1531)  Confidential 
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THE  DAMAGE  EFFECTIVENESS  OF  SHAPED 
CHARGES  AGAINST  TANKS,  by  F.  I.  Hill. 

Nov.  1951,  p.  363-367  Incl,  tables,  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  637)  (In  its  Transactions 
of  Symposium  on  Shaped  Charges  heH  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Md. ,  Nov.  13-16,  1951,  Confidential, 

AD- 1531)  Confidential 
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A  summary  of  the  damage  from  firing  over  LOO 
3.  5-in.  rockets  and  limited  numbers  of  90-mm. 
T103  projectiles  vs.  the  T26E4  tank  is  made. 

From  these  data,  it  is  tentatively  concluded  that 
interior  damage  after  a  perforation  by  both  these 
projectiles  is  comparable.  However,  the  condi¬ 
tions  to  achieve  a  perforation  with  the  better  fuzed 
projectile  are  not  so  rigorous.  A  comparison  of 
terminal  ballistic  data  for  the  90- mm.  HEAT  and 
kinetic  energy  projectiles  is  made  indicating  the 
general  damage  from  perforating  kinetic  energy 
projectiles  Is  considerably  greater  than  that  from 
HEAT  rounds,  A  further  analysis  is  made  in  which 
the  vulnerable  areas  of  these  rounds  are  compared. 
This  analysis  indicates  that  the  vulnerable  areas 
to  mobility,  firepower  and  total  destruction  are 
not  considerably  greater  for  the  kinetic  energy 
projectiles.  An  explanation  of  this  apparent  enema— 
ly  lies  in  the  fact  that  the  principal  targets  inside 
a  lank  are  ammunition,  fuel  and  the  engine,  and 
that  the  personnel  are  not  the  most  important 
targets.  A  brief  estimate  is  made  of  the  relative 
over-all  effectiveness  of  90-mm:  HVAP  and  HEAT 
rounds  to  show  their  expected  relative  probabilities 
of  a  hit  being  a  kill  for  ihese  projectiles  against 
fhe  M2 6  tank. 
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DEFENSES  AGAINST  HOLLOW  CHARGES,  by 
R.  J.  Eichelberger.  Nov.  1951,  p.  373-383  incL 
Ulus,  diagrs.  (Proj.  no.  TB3-0134,  BRL  rept. 
no.  837)  (In  its  Transactions  of  Symposium  on 
Shaped  Charges  held  at  the  Ballistic  P.esearch 
Laboratories,  Aberdeen  Proving  Ground,  Mil., 
Nov.  13-16,  1951,  Confidential,  AD-1531) 

Confidential 

A  resume  of  the  principles  set  forth  in  recer.t  re¬ 
ports  on  this  subject  are  given,  together  with 
some  more  recent  results  on  the  use  of  glass  as 
a  protective  device.  Glass  blocks  or  plates 
fastened  on  the  outside  of  homoplate  and  protected 
on  the  outsido  surface  by  a  relatively  thin  homo- 
plate  are  believed  to  provide  the  most  practical 
protection.  A1  armor  fastened  to  the  outside  of 
basic  homoplate  provides  several  advantages  over 
glass  but  would  add  more  weight  for  the  same 
protection.  Under  certain  circumstances  patterns 
of  spikes  or  layers  of  explosives  between  steel 
plates  may  provide  very  low  weight  protection.  In 
principle  any  low  density  material  can  be  used 
for  protection,  since  fhe  weight  that  must'be  added 
for  a  given  protection  in  proportional  to  the  square 
root  of  the  density  of  the  protecting  material.  The 
protective  quail'  ies  of  A1  are  due  to  this  relation 
but  the  protective  qualities  of  glass  are  much 
greater  than  this  relation  predicts.  Glass  is  the 
J  known  exception. 
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DESIGN  VARIABLES  AFFECTING  THE  PER¬ 
FORMANCE  OF  THE  BAT  HEAT  ROUND,  by 
E,  W.  Ford.  Nov.  1951,  p.  279-290  incl.  tables, 
diagrs.  (Proj.  no.  TB3-0134,  BRL  rept.  no.  837) 
(In  its  Transactions  of  Symposium  on  Shaped 
Charges  held  at  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md. ,  Nov.  13- 
16,  1951,  Confidential,  AD-1531)  Confidential 

Some  of  the  factors  Investigated  in  the  development 
of  a  HEAT  round  for  the  BAT  project  were:  cone 
angle,  standoff  flange  effect,  target  material, 
effect  of  interference,  cone  chape,  wires  through 
cone,  base  element  location,  temperature  effect, 
spit-back  tube  length,  cone  wall  thickness,  cone 
material,  constant  head  versus  constant  volume, 
and  conlinement.  Firestone  has  adopted  a  42° 
cone,  pressed  from  sheet  Cu  having  no  flange  and 
a  short  spit-back  tube,  with  a  wail  thickness  of 
0. 100  in.  for  use  In  the  T138  HEAT  rounds.  This 
round  is  to  be  fired  at  25  r.  p.  s.  The  design  of 
this  round  is  explained  in  detail. 
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DEVELOPMENT  OF  SHOULDER- FIRED  SHAPED 
CHARGE  ROCKET  HEADS,  by  H.  S.  Weintraub, 

S.  Floischnick,  and  L  B.  Gluckman.  Nov.  1951, 
p.  247-268  incl.  Illus.  diagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  837)  (In  its  Transactions 
of  Symposium  on  Shaped  Charges  helJ  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Md.,  Nov.  13-16,  1951,  Confidential, 
AD-1531)  Confidential 

In  order  to  evaluate  the  design  features  to  be  in¬ 
corporated  into  a  lightweight  T205  head,  a  shaped 
charge  investigation  was  conducted  by  varying  dif¬ 
ferent  parameters  in  the  standard  3.  5-In.  M28A2 
head.  Results  obtained  through  this  investigation 
and  pertinent  to  designing  the  prototype  T205  head 
were  as  follows:  (1)  the  optimum  cone  thickness 
for  the  3. 5-Ir,.  M28A2  rocket  is  .  075  in.  +  .  003  In.; 
(2)  the  HE  charge  can  be  reduced  to  1. 3  lb",  without 
affecting  penetration;  (3)  the  optimum  standoff 
distance  for  the  3.  5-in.  M28A2  rocket  is  9  in.; 

(4)  '.he  booster  pellet  may  be  plated  as  close  to  or 
atop  the  apex  of  the  Cu  cone  without  any  significant 
difference  in  penetration  being  noted.  Preliminary 
tests  with  a  modified  3.  5-in.  M28  type  rocket  head 
which  eliminated  the  flat  at  the  base  of  the  cone 
(the  M28A2  head  has  a  flat  of  approximately  0. 1  in. 
at  the  cone  base)  indicated  that  an  Increase  in  pene¬ 
tration  ol  approximately  2  in.  might  be  expecled. 
Studies  to  improve  the  performance  of  the  2.  36-in. 
T59E3  rocket  hc2d  (1)  by  the  use  of  explosives 
having  higher  rate  of  detonation  than  Comp.  B,  such 
as  70/30  Cyclotoi  and  75/25  Cyclotol,  (2)  by  shaping 
the  detonation  wave  front  traveling  through  the 
charge,  and  (3)  by  use  of  a  tandem  cone  arrange¬ 
ment,  have  resulted  in  no  marked  improvement  in 
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penetration.  Investigations  are  being  conducted  with 
the  T2016  and  T2017  roeltet  heads  to  determine 
whether  Increased  standolf  and  correspondingly  de¬ 
creased  explosive  charge  (over-all  length  of  head 
being  constant)  would  result  In  increased  penetration. 
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EXPENDABLE  FLASH  X-RAY  TUB^,  by 
G.  Hauver  and  G.  Brian.  Nov.  1951,  p.  151-155 
fr.-i ,  dlagrs.  (Proj.  no.  TB3-0134,  BRL  repL 
no.  837/  (In  its  Transactions  of  Symposium  on 
Shaped  Charges  held  at  the  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Md. 

Nov,  13-16,  1951,  Confidential,  AD-1531) 

Restricted 

For  the  flash  radiography  of  explosive  phenomena, 
an  expendable  X-ray  tube  may  be  used  without  pro¬ 
tective  shielding,  facilitating  flexible  instrumen¬ 
tation.  Experimental  expendable  tubes  of  the  field 
emission  type  are  described,  along  with  prelimi¬ 
nary  performance  data. 
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FT. ASH  RADIOGRAPHIC  STUDY  OF  JETS  FROM 
ROTATED  105-MM.  SHAPED  CHARGES,  by 
L.  Zernow,  S.  Kronman,  F.  Rayfield,  J.  Paszek, 
and  B.  Taylor.  Nov.  1951,  p.  133-150  incl.  illus. 
dlagrs.  (Pro),  no.  TB3-OI31,  BRL  rept.  no.  837) 
(In  its  Transactions  of  Symposium  on  Shaped 
Charges  held  at  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md.,  Nov.  13- 
16,  1951,  Conlidential,  AD-1531)  Also  published 
as  BRL  rept.  no.  856,  Apr.  1953,  AD-14  932 

Confidential 

Jets  from  rotated  105-mm.  shaped  charge  pro¬ 
jectiles  were  studied  using  new  low  voltage  flash 
radiographic  techniques.  The  first  radiographs 
showed  in  considerable  detail  the  deleterious  effects 
of  rotation-axial  brcai'-m  and  radial  dispersion. 

A  tentative  hypothesis  characterizing  these  2 effects 
was  proposed.  The  use  of  the  shaped  charge  as  an 
experimental  device  for  studying  otherwise  Inac¬ 
cessible  properties  of  liner  materials  under  con¬ 
ditions  of  unusual  stress  combinations  and  very  . 
high  strain  rates  was  also  considered.  The  ad¬ 
vantages  of  a  cylindrical  liner  were  discussed  In¬ 
cluding  i»s  expected  resistance  to  spin  deteriora¬ 
tion.  It  was  pointed  out  that  the  penetration  of  such 
a  liner  depended  more  upon  liner  length  than  upon 
the  caliber  of  the  projectile. 
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FLASH  RADIOGRAPHIC  STUDY  OF  JETS  FROM 
UNROTATED  105-MM.  SHAPED  CHARGES,  by 
L.  Zernow  and  others.  Nov.  1951,  p,  119-132 
incl.  ilius.  dlagr.  (Proj.  no.  TB3-0134,  BRL 
rept.  no.  837)  (In  Its  Transactions  of  Symposium 
on  Shaped  Cnarges  held  at  the  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Md, , 

Nov.  13-16,  1951,  Confidential,  AD-1531)  Also 
published  as  BRL  rept.  no.  857,  Apr.  1953, 

AD-13  608  Restricted 

FJash  radiographs  were  used  to  compare  jets  iroin 
Fe-llned  and  conical  Cu  shaped  charges  nl  105-ram: 
caliber  at  various  Jet  lengths.  The  early  breakup 
ol  Fe  Into  a  particle  jet  and  the  tally- like  stretch-  ■*. 
ing  of  the  Cu  jet  due  to  the  velocity  gradient  wero 
quite  evident.  Cu-trumpet  and  hemispherical- 
liner  jets  which  gave  poor  penetration  wore  shown 
to  be  badly  formed  and  associated  with  an  un¬ 
favorable  velocity  distribution  along  the  Jet. 
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FOREIGN  DEVELOPMENTS  IN  SHAPED 
CHARGES,  by  H.  Bechtol.  Nov.  1951,  p.  299-30S. 
(Proj.  no.  TB3-0134,  BRL  rept.  no.  B37)  (In  its 
Transactions  of  Symposium  on  Jhaped  Chargeo 
held  at  the  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground  Md. ,  Nov.  13-16,  1951, 
Confidential,  AD- 1531  Confidential 

Shaped  charge  developments  from  the  following 
sources  were  discussed:  Europe  -  Representative 
ol  recent  European  advancements  in  shaped  charge 
technology,  the  Belgian  Energa  rifle  grenade  and  • 
the  French  73-mm.  rocket  possess  such  features 
as  lighteness  of  over-all  weight,  Improved  me¬ 
chanical-type  fuzes,  and  shaped  c’/arges  using  RDX- 
type  filler  and  Cu  liners.  The  Energa,  employing 
a  2.7-in.  diameter,  45''  Cu  cone  similar  to  late 
model  US  shaped  charge  rounds,  gives  penetrations 
up  to  10  in.  at  a  full  standolf  of  1.3  calibers.  The 
French  73  mro.  rocket  utilizes  a  unique  trumpet 
shaped  or  double  angle  cone  oi  2.75-in.  diameter 
with  an  angle  ol  approximately  22°  at  the  apex  and 
approximately  58°  at  the  base.  The  cone  thickness' 
increases  Irom  apex  to  base  (approximately  .  055  In. 
to  .  0B4  in.).  Penetrations  of  12.0  in.  (4.4  cone 
calibers)  were  recorded  at  a  full  standoff  of  1.5 
calibers.  Russia  and  China  -  By  current  standardo 
the  Russian  and  Chinese  designed  shaped  charges 
are  generally  considered  to  be  crude.  Tests  ol 
Russian  76-inni.  and  122-mm.  shaped  charge 
artillery  projectiles  show  penetrations  of  about 
1  caliber  for  either  round.  Both,  except  for  spit- 
bark  fuzes,  resemble  early  1)3  designs  which  used 
sieel  cones.  Of  very  recent  make  Is  the  Chinese 
87-mm.  spinning  rocket' with  a  launcher  closely 
copied  from  that  of  the  US  3. 5-ln.  Rocket.  The 
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shaped  charge  for  this  cone  has  TNT  filler  and  a 
wrapped  and  seamed  fabricated  cone.  No  per¬ 
formance  data  are  available. 
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GENERALIZATIONS  CONCERNING  THE  MOTION 
OF  A  THIN  SHAPED  CHARGE  LINER  WITH  AN 
ARBITRARY  INITIAL  CONTOUR,  by  CL  E.  Hudson 
and  C.  Gardner.  Nov.  1951,  p.  61-74  incL  dlagr. 
(Proj.  no.  TB3-Q134,  BRL  rept.  to.  6371 
(In  its  Transactions  ol  Symposium  on  Shaped 
Charges  held  al  the  Ballistic  research  Labora¬ 
tories.  Aberdeen  Proving  Ground,  Md. ,  Nov.  13- 
16,  1951,  Confidential,  AD-1531)  Confidential 

Upon  assuming  a  thin  liner  whose  particles  lo  not 
eseit  any  forces  on  one  another,  and  upon  treating 
it  as  an  incompressible  fluid  during  its  motion, 
general  equations  of  motion  and  continuity  arc 
derived.  It  is  shown  that  tnese  are  equivalent  to  a 
Schrodingcr  time-dependent  type  of  equation  with 
space  and  time  variables  interchanged.  The 
impingement  and  subsequent  extrusion  of  this  liner 
at  an  arbitrary  moving  and  oriented  surface  ele¬ 
ment  are  investigated.  This  formulation  suggests 
several  new  problems,  experimental,  theoretical, 
and  mathematical,  as  well  as  the  importance  of 
srthor  investigation  of  some  already  considered, 
m  the  latter  class  are  the  problems  of  the  inter¬ 
action  of  Simple  waves  of  finite  amplitude,  and  the 
effects  of  compressibility  in  the  liner.  Friedrichs, 
Keller  and  A.  Lax,  and  then  Touart  have  con¬ 
sidered  the  possibility  of  rarefaction  and  compres¬ 
sion  shocks  in  the  liner,  and  thus  justified  the 
assumption  by  G.  X.  Taylor  that  the  liner  acts  as 
a  continuously  turning  stream  of  non-interacting 
incompressible  fluid  particles,  i’nuart  and 
Friedrichs  have  also  shown  that  the  observed  mass 
distribution  in  the  jet  can  be  accounted  for  by  the 
continuing  pressure  exerted  by  the  burnt  explosive 
on  the  liner  as  it  collapses.  La  addition,  Touart 
has  shown  that  the  probable  effect  of  the  rarefac¬ 
tion  wave  in  the  burnt  explosive  as  it  expands  into 
the  atmosphere  is  the  observed  decrease  in  veloc¬ 
ity  from  head  tc  tail  of  the  jet.  Thus  the  external 
shaping  of  the  explosive  Is  important  in  standoff 
effects.  (BRL  abstract) 
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HELLER  WARHEAD  DEVELOPMENT,  by 
R.  W.  Foster.  Nov.  1951,  p.  225-233  incl.  lllua. 
(Proj.  no.  TB3-0134,  BRL  rept.  no.  837)  (In  its 
Transactions  of  Symposium  on  Shaped  Charges 
held  at  the  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground,  Md. ,  Nov.  13-15,  1951, 
Ccmldential,  AD-1531)  Confidential 

The  discussion  is  concerned  with  warhead  design, 
Cu  liner,  warhead  casing,  filling,  standoff,  fuzing, 
and  shaped  charge  liner  far  spit-back  fuze.  Tha 
3. 2-in.  cahher  Heller  warhead  in  static  pene¬ 


tration  lasts  penetrated  13  In.  of  homo  armor 
plate.  In  flight  tests  against  230  mm.  of  armor 
at  normal  angle  of  attack,  809b  of  the  rounds 
fired  defeated  the  armor.  In  flight  tests  against 
120  mm.  of  armor  at  60’  to  normal,  80%  of  the 
rounds  fired  were  successful. 
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HIGH  SPEED  HIGH  RESOLUTION  STREAK 
PHOTOGRAPHY,  by  C.  T.  Linder.  Nov.  1951, 
p.  169-194  inch  illus.  dlagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  837)  (In  its  Transactions 
ol  Symposium  on  Shaped  Charges  heGTat  tha 
Ballistic  Research  Laboratories,  Aberdeen  Prov¬ 
ing  Ground,  Md. ,  Nov.  13-16,  1951,  Confidential 
AD-1531)  Confidential 

A  simple  rotating  mirror  camera  with  high  space 
and  time  resolution,  and  great  versatility  in  the 
photographing  ol  various  explosive  phenomena  io 
described.  The  camera  features  a  thin  single 
surface  plane  mirror  so  that  flic  locus  of  the  Image 
Is  circular  to  a  high  degree  of  accuracy,  and 
employs  film  strips  which  are  5  in.  In  width.  The 
selection  of  the  appropriate  mirror  width,  speedof 
rotation,  and  radius  of  film  track  permit  thecholcc 
of  a  variety  of  fields  of  view  and  of  writing  speeds 
up  to  3  mm.  /psec.  The  design  employs  a  single 
lens  and  an  expendable  external  silt  placed  at  the 
location  ol  the  phenomena  to  be  photographed.  An 
effective  lens  aperture  of  f/3. 5  can  be  retained 
and  a  1/1  magnification  ratio  is  possible.  Various 
applications  to  which  the  camera  Is  particularly 
suited  are  discussed. 
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HIGH  SPEED  PHOTOGRAPHY  WITH  AN  IMAGE 
CONVERTER  TUBE,  by  R.  D.  Drosd,  T.  P.  Lid- 
diard,  and  E.  N.  Singleton,  Jr.  Nov.  1951, 
p.  181-188  incl.  lltus.  dlagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  uu.  837)  (In  its  Transac¬ 
tions  of  Symposium  on  Shaped  Charges  held  al 
the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground,  Md.,  Nov.  13-10,  1951,  Confi¬ 
dential,  AD-1531)  Confidential 

The  r  .'suits  of  an  investigation  In  the  use  of  an 
image  converter  tube  as  a  high  speed  camera 
shutter  and  an  Image  brightness  intensifier  arc 
given.  With  the  1P25A  (sniperscopa)  image  con¬ 
verter  tube  it  was  found  that  exposure  times  of 
30  mpsec.  with  a  gain  in  Image  brightness  of  2 
are  easily  attainable.  The  relative  merits  of  the 
image  converter  and  the  Kerr  cell  cameras  arc 
discussed.  The  construction  of  the  1P25A  camera 
Is  shown. 


* 

» 

I 

crrffFT  SHAPED  CHARGES 


L319 

Ballfstic  Research  Laboratories.  Aberdeen  Proving 
Ground. 

INITIAL  STUDY  OF  THE  EFFECTS  OF  AN¬ 
NEALING  ON  THE  PENETRATION  PERFORM¬ 
ANCE  OF  COPPER  SHAPED  CHARGE  LINERS, 
by  R.  L.  Phebus  and  W.  O.  Rassenlces.  Nov. 

1951  p.  43-60  ind.  tables,  diagrs.  (Proj.  no, 
TS3-0134-,  BRL  rept.  no.  637)  (In  Its  Transac¬ 
tions  ot  Symposium  on  Shaped  Charges  held  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Prosing 
Ground,  Md. ,  Nov.  13-16,  1351,  Confidential, 
AD-1531)  Confidential 

Previous  studies  of  various  metals  as  shaped 
charge  liners  are  summarized.  The  need  for 
additional  study  of  metallurgical  aspects  o£  liner 
performance  is  indicated.  Cu  liners  of  variouo 
hardness  were  fired  to  study  the  effect  of  the 
variable  upon  standolf  penetration  curves.  These 
tests  indicate  that  annealing  within  this  recovery 
region  or  grain  growth  region  will  Improve  the 
penetration  performance  of  Cu  liners.  No  improve¬ 
ment  will  be  observed  when  Cu  liners  are  annealed 
within  the  recrystallization  region.  A  proposed 
investigation  is  outlined  to  study  the  effect  of 
second  phases  and  their  distribution  upon  liner 
performance.  (BRL  abstract) 
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THE  KERR  CELL  CAMERA  AND  ITS  APPLICA¬ 
TIONS,  by  E.  C.  Mutschler.  Nov.  1951, 
p.  157-174  inch  Ulus,  diagrs.  (Proj.  no. 
TB3-0134,  BnL  reFt.  no.  837)  (InUs  Transac¬ 
tions  of  Symposium  on  Shaped  Charges  held  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Prov¬ 
ing  Ground,  Md. ,  Nov.  13-16,  1951,  Confidential, 
AD- 1531)  Confidential 

The  Kerr  ceil  method  of  high  speed  photography 
was  used  to  photograph  both  luminous  ana  non- 
lurninous  transient  phenomena  at  exposure  timen 
down  to  0.  5  psec.  In  the  case  of  non -luminous 
phenomena,  ihe  opening  of  the  Kfirr  celt  is  synchro¬ 
nized  elect  ronlcallv  with  the  light  flash  obtained 
from  an  electrically  exploded  wire  having  a  peak 
intensity  of  about  5  x  10®  candle  power.  The  Kerr 
cell  is  of  sufficient  size  to  allow  the  use  of  a  7-in., 
f/2.  5  lens  at  an  effective  aperture  of  f/4.  To 
operate  such  a  large  Kerr  cell  requires  a  voltage 
pulse  of  amplitude  25  kv.  This  method  is  Ideally 
suited  to  the  photography  of  detonating  explosives, 
metal  Jets  In  shaped  charges,  shock  waves  In 
transparent  liquids  and  solids,  and  other  pheno¬ 
mena  having  propagation  velocities  up  to  10, 000 
m./sec. 


L3ID 

Ballistic  Research.  Laboratories,  Aberdeen  Proving 
Ground. 

LOW  VOLTAGE  FLASH  RADIOGRAPHY,  by 
J.  J.  Pa3zek,  B.  C.  Taylor,  and?.  L.  Squler, 

Nov.  1951,  p.  107-118  Ind.  illus.  diagrs.  (Prc>J. 

.  no.  TB3-0134,  BRL  rent.  no.  837)  (in  its  Trans¬ 
actions  of  Symposium  on  Shaped  Charges  held  at  tho 
Ballistic  Research  Laboratories,  Aberdeen  Prov¬ 
ing  Ground,.  Md. ,  Nov.  13-1G,  1951,  Confidential, 
AD-1521)  Also  published  as  BRL  rept-  no.  M0. 

Restricted 

A  system  is  described  for  taking  sub-jisec.  dura¬ 
tion  flash  radiographs  of  shaped  charge  phenomena 
using  low- voltage  (34  kv. )  X-rays. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

MINIMIZING  THE  EFFECT  OF  ROTATION  UPON 
THE  PERFORMANCE  OF  LINED  CAVTTY 
CHARGES,  by  H.  Winn.  Nov.  1051,  p.  339-351 
lncl.  tabic,  diagrs.  (Proj.  no.  TB3-0134,  BRL 
rept.  no.  837)  (In  its  Transactions  of  Symposium 
on  Shaped  Charges  held  at  the  Ballistic  Research 
laboratories,  Aberdeen  Proving  Ground,  Md. , 

Nov.  13-16,  1951,  Confidential,  AD-1531) 

Confidential 

The  effect  of  rotation  on  toe  penetration  of  shaped 
charges  Is  described.  An  empirical  correlation, 
useful  for  design  purposes,  Is  presented,  which 
permits  the  estimation  of  the  spin  rate  penetra¬ 
tion  curve  for  shaped  charges  with  reasonable 
reliability.  In  an  effo!t  to  overcome  the  deleteriouo 
effect  of  rotation  both  fluted  liners  and  double 
body  projectiles  were  studied.  It  Is  snown  that  a 
degree  of  spin  compensation  was  obtained  by  each 
method  and  that  the  prospect  for  an  ultimate  solu¬ 
tion  to  the  problem  is  good. 


L32D 

Ballistic-  Research  Laboratories,  Aberdeen  Proving 
Ground. 

MULTIPLE- FRAGMENT- IMPACT  EFFECTS  IN 
SHAPED  CHARGE  PENETRATION,  07  J.  3.  Rine- 
hait.  Nov.  1951,  p.  33-42  lncl.  table,  diagrs. 
(Pro),  no.  TB3-0134,  BRL  rept.  no.  837)  (fn  Itn 
Transactions  of  Symposium  on  Shaped  Charges 
held  at  the  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground,  Md. ,  Nov.  13-16,  1951, 
Confidential,  AD-1531)  Restricted 

It  Is  assumed  that  a  shaped  charge  Jet  contains  a. 
relatively  small  group  of  discrete  hypervelocity 
solid  fragments.  The  probable  cumulative  effect  ol 
the  successive  Impacts  of  the  several  fragments 
are  predicted  from  known  facta  concerning  tho  Im¬ 
pacts  of  very  high  velocity  fragments.  The  pre¬ 
dictions  are  compared  with  experimental  observa¬ 
tions  on  the  interactions  between  targets  and 
shaped  charge  jets.  The  conclusion  reached  Is 
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that  the  cumulative  eff f  ctB.of  multiple  impacts 
appear,  In  some  cases,  to  play  an  important  part 
in  the  mechanics  ol  shaped  charge  penetrations. 

L321 

Ballistic  Research  laboratories,  Aberdeen  Proving 
Ground. 

PERFORMANCE  OF  PERIPHERALLY  INITIATED 
SHAPED  CHARGES,  by  A.  ».  Sol  cm  and 
W.  T.  August.  Nov.  1951,  p.  M-35  tael,  tables, 
diagrs.  (Proj.  no.  TB3-0134,  ERL  rept.  no.  837) 
(In  its  Transactions  of  Sympcsluih  on  Shaped 
Cnarges  held  at  the  Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Md- ,  Nov.  13-16,  1951, 
Confidential,  AD-1531)  Ccnlldentlal 

The  performance  o!  experimental  cone-lined 
shaped  charges  is  being  Investigated  under  tficr 
condition  of  peripheral  Initiation  of  the  charges. 
Peripheral  initiation  to  simultaneous  initiation  of 
the  entire  top  plicrlphery  of  the  charge  In  contrast 
to  point  or  plane  wave  initiation.  It  Is  obtained  by 
use  ol  a  cup-shaped  lnert-lilled  initiator  placed 
over  the  top  ol  the  charge  such  that  initiation  in 
transmitted  to  the  periphery  of  the  charge  lnrt  to 
delayed  in  passage  through  the  inert  material  in 
contact  with  the  top  surface  of  the  charge.  The 
behavior  of  penetrations  from  peripherally  initiated 
charges  into  mild  steel  targets  for  variation  of 
charge  height,  standoff,  cone  material,  cone  wall 
thickness,  and  cone  apex  angle  are  being  studied 
and  compared  for  like  conditions.  The  results  are 
described  and  reasons  for  the  observed  behavior 
discussed.  Experimental  evidence  stowing  why 
peripherally  initiated  charges  produce  greater 
penetrations  are  presented.  (BRL  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  PERFORMANCE  OF  PRECI5I ON-MADE 
CONICAL  LINERS,  by  I.  Dewey,  H.  L  Brelden- 
bach,  Jr.,  J.  Panzarella,  and  J.  Longobardl. 

Nov.  1951,  p.  97-106  incL  iims.  diagrs.  (ProJ. 
no.  TB3-0134,  BRL  rept.  no.  B37)  (In  Its  Trans¬ 
actions  of  Symposium  on  Shaped  Charges  held  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Md.,  Nov.  13-16,  1951,  Confidential, 
AD-1531)  Cunlidofllial 

Small  drawn,  cast,  and  machined  cones  In  hare 
Pentollte  charges  were  investigated  for  a  deter¬ 
mination  of  fabrication  control  necessary  for 
good  reproducibility  of  performance.  Explosive 
casting  was  carefully  controlled.  Deliberately 
introduced  flaws  in  cones  produced  cfiects  which 
were  usually  predictable  from  co  aside  rat  ion  of 
time  at  which  eacn  portion  ot  the  cone  reaches  the 
axis.  Flash  radlugraphy  of  the  ;fc<s  supplemented 
observation  of  target  blocks.  Precision  cast  conea 
gave  about  the  same  reproducibility  as  drawn 
cones.  Three  fabricators  madeelertroformed  and 
machined  Cu  cones  of  widely  differing  precision 
and  performance.  Warping  and  metallurgical 
iion-unifo'mity  were  sources  ol  urge  spread  in 


the  performance  of  the  products  of  2  fabricator. 
The  third  manufacturer  produced  0. 75-ln.  Cu 
’  cones  to  0. 1  mil  tolerances  from  which  straight 
jets  of  uniform  penetration  were  obtained.  A  3% 
cone  gave  6. 8  cone  diameter  penetration. 

LS2S  ' 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  PIN  TECHNIQUE  FOR  VELOCITY  MEAS¬ 
UREMENTS.  by  H.  D.  Mallory.  Nov.  19S1, 
p.  175-180  Incl.  Ulus,  diagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  837)  (InUs  Transac¬ 
tions  of  Symposium  on  Shaped  Charges  held  at 
the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground,  Md. ,  Nov.  13-16,  1951,  Con¬ 
fidential,  AD- 15311  Conlldenllal 

This  is  an  electronic  method  for  determining  ar¬ 
rival  times  of  an  event  at  various  positions  during 
its  motion.  The  method  tries  its  name  from  the 
electrical  switches  which  are  charged  pointed 
pins.  The  moving  metal  target  or  Ionized  shock 
wave  Is  electrically  grounded  so  that  on  contact 
with  a  pin,  a  pip  Is"  generated  on  an  oscilloscope 
screen.  Pips  from  a  sequence  of  phis  are  photo¬ 
graphed  by  a  still  camera  as  they  appear  on  the 
screen.  Time  is  determined  from  a  crystal  con¬ 
trolled  sine  wave  superimposed  over  the  pips.  It 
Is  believed  that  with  this  method,  time  can  be 
resolved  better  than  can  reasonably  be  expected  of 
a  photographic  method  alone.  Also,  it  is  possible 
with  the  pin  technique  to  investigate  the  initial 
motion  of  a  moving  object  over  the  interval  from 
0  to  1  mm.  with  good  reproducibility.  It  is  over 
this  close- in  range  that  photographic  methods  are 
at  their  worst  and  the  pin  technique  i3  at  its  best. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  PRESENT  PERFORMANCE  AND  PROB¬ 
LEMS  OF  THE  105-MM.  BAT  RIFLE,  by 
H-.  P.  Manning,  C.  W.  Mussor,  and  H.  W.  Euker. 
Nov.  1951,  o.  269-278  Incl.  illus.  tables,  diagrs. 
(Proj.  no.  TB3-Q134,  BRL  rept.  no.  837)  (In  Its 
Transactions  ct  Symposium  on  Shaped  Chargee 
held  at  the  Ballistic  Research  Laboratories, 
ADerdeen  Proving  Ground,  Md. ,  Nov.  13-16,  1951, 
Confidential,  AD-1531)  Confidential 

Ae  candidates  for  "The  BAT  Rifle"  there  are  3 
105-mm.  recoilless  rifles,  4  mounts,  4  spotting 
rifles,  1  set  of  fire  control,  4  types  of  HEAT, 
rounds  and  5  types  of  spotting  ammunition  In¬ 
cluding  tracer.  These  will  be  assembled  intO'4 
"weapon  systems".  The  T136  Ride,  T118  Am¬ 
munition  and  T149  Mount  have  given  accuracy 
at  1,  000  yd.  with  a  HPE  of  0. 29  mils,  and  a  VIE 
of  0.  44  mils.  Static  penetration  test3  have  given 
16. 9-ln.  penetration  against  homogeneous  armor. 
These  data  represent  ammunition  already  super¬ 
seded  by  improved  designs.  Caliber  .  50  tracer  and 
spotting  ammunition  have  shown  reasonable  good 
functioning  and  matchlngperformar.ce.  The 
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major  problems  currently  being  encountered  with 
the  T135  Rifle,  TU8  Ammunition,  T149  Mount, 

T43  spotting  rifle  combination  are:  recoil  balance 
seems  to  be  unduly  sensitive  to  loading  density; 
the  method  <>I  spinning  the  .long  boom,  fixed-fin 
T118  type  projectile;  the  amount  of  spin  to  meet 
accuracy  and  penetration  requirements;  varia¬ 
tions  in  measured  jump  under  different  conditions 
have  been  encountered;  questions  of  over-all  evalu¬ 
ation  ot  the  spotting  device  and  techniques  for  itB 
use  are  yet  unanswered. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground.  _  , 

REMARKS  ON  SOME  FUNDAMENTAL  FEA¬ 
TURES  OF  DETONATION,  by  S.  J.  Jacobs. 

Nov.  1951,  p.  5-10  incl.  table,  diagr.  (Pro?, 
no.  TB3-0134,  ERL  rept.  no.  837)  (hUts  Trans¬ 
actions  of  Symposium  on  Shaped  Charges  held  at 
the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Giound,  Md.,  Nov.  13-16,  1D51, 
Confidential,  AD-1531)  Confidential 


Computations  for  the  shaped  charge  elfect  require 
a  knowledge  of  the  state  of  detonation  product 
gases  and  the  isentroplc  relation  for  expansion  to 
a  reasonable  degree  of  precision.  These  func¬ 
tions  can  be  derived  from  basic  data  for  a  number 
of  compounds  and  mixtures  using  more  or  less 
approximate  equations  of  state.  Experimental 
checks  indicate  that  the  important  parameters  Tor 
calculations  of  boundary  motions  arc  capable  of 
being  predicted  with  reasonable  precision  (5  or 
10%).  The  discussion  presents  some  useful  ap¬ 
proximations  to  aid  In  computations. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 

Ground.  „„ 

REVIEW  OF  THE  PRESENT  POSITION  OF 
HOLLOW  CHARGE  AND  SQUASH  HEAD  RE¬ 
SEARCH  AND  DEVELOPMENT  IN  UNITE!) 
KINGDOM,  byW.  E.  Soper.  Nov.  1951,  p.  217- 
224.  (Pro),  no.  TB3-0134,  BRL  rept.  no.  837) 

(In  Its  Transactions  of  Symposium  on  Shaped 
Charges  held  at  the  Eallisttc  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md. ,  Nov.  13- 
16,  1951,  Confidential,  AD-1531)  Confidential 

The  following  subjects  concerning  shaped  charge 
development  are  discussed: 


(a)  ltner  production 

(b)  lethality 

(c)  regularity  and  symmetry  of  liner 

(d)  filling  of  shaped  charge 

(e)  rotation 

(f)  weapon  design  for  high  level  performance  at 
lar^e  angles  of  Incidence 

(g)  future  investigations  to:  (1)  increase  mass  of 
jet  without  decreasing  velocity  gradient; 

(2)  study  shock  waves  Involved  In  shaped  charge 
phenomena;  (3)  study  penetration  phenomena  by 
hollow  jet. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 

Ground.  _ _ 

RCTATED-NON-ROTATED  report  on 
120 -MM.  SPIN  STABILIZED  PROJECTILE 
WITH  NON-ROTATING  SHAPED  CHARGE,  by 
S.  Dubroff.  Nov.  1951,  p.  305-318  incl.  illus. 
diagrs.  (Pro),  no.  TB3-Q134,  BRL. rept.  no.  837) 
(In  Its  Transactions  of  Symposium  on  Shapes 
Charges  held  at  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md. ,  Nov.  13- 
16  1951.  Confidential,  AD-1531)  Confidential 


In  order  to  secure  an  armor  penetrating  round  in 
the  l?,0-mm.  caliber  which  will  have  greater 
penetration  than  the  AP  shot,  this  shaped  charge 
carrying  rourd  Is  being  developed.  Considera¬ 
tions  leading  to  this  design  are:  compactness  ol 
round,  due  to  its  spin  stabilization;  Improvement 
of  armor  penetration  of  the  shaped  charge  by 
reduction  of  spin  to  approximately  0.  The  pro¬ 
posed  round  has  an  exterior  member  which  is 
rotated  at  the  full  spin  rate  for  this  weapon.  Be¬ 
cause  of  the  large  moment  of  inertia  provided  by 
the  cylindrical  section,  stability  is  secured.  The 
inner  member  carrying  the  shaped  charge  cone  Is 
carried  on  ball  bearings.  Load  pressure  distribu¬ 
tion  cn  the  inner  and  outer  member  reduces  the 
load  on  the  ball  bearings  to  a  very  small  value 
during  "setback’'. 
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Balitstic  Research  Laboratories,  Aberdeen  Proving 

SHAPED  CHARGE  DAMAGE  BEYOND  ARMOR, 
by  D.  R.  Kennedy.  Nov.  1951,  p.  359'^1- 
(Proj.  no.  TB3-0134,  BRL  rept.  no.  837)  (tn  its 
Transactions  of  Symposium  on  Shaped  Charges 
held  at  the  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground,  Md. ,  Nov.  13-10,  195 
_ na—tioi  An.lfiail 


The  development  of  shaped  charge  weapons  han 
been  concentrated  primarily  on  achieving  maxi¬ 
mum  penetration  capabilities  of  the  charge,  and 
little  attention  has  been  given  to  the  effects  of  the 
jets  beyond  the  defeated  armor,  or,  more 
specifically,  within  the  enemy  tank.  Realizing 
the  need  fur  such  information,  a  program  was 
initiated  at  the  Naval  Ordnance  Test  Station 
early  this  vear  to  determine  the  comparative 
effects  of  various  shaped  charge  liner  materials 
and  cone  angles  in  producing  damage  beyond  de¬ 
feated  armor.  The  charges  investigated  were 
Identical  to  the  6.  5-in.  ATAR  in  size  and  load. 

Cu  A1  and  steel  were  utilized  as  cone  materials, 
with  cone  angles  of  42.5°,  60',  90  ,  and  120  . 
Three  series  of  tests  were  conducted  to  determine: 
(1)  the  mass,  size,  number,  and  spatial  diBtri- 
bution  of  fragments  ejected  beyond  armor;  (2)  the 
distribution  of  jet  fragments  impinging  on  angle 
plates  beyond  the  primary  armor;  and  (3)  the 
pressures  and  temperatures  generated  within 
confined  steel  targets  by  the  various  shaped  charge 
jets.  A1  liners  were  discovered  to  have  unique 
damaging  properties  when  fired  at  extremely 
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close  standoff  distances  against  dcfeatab.e  s.^or. 
Indications  are  that  Cu  liners,,  although  sapznar 
In  depth  ol  penetration  capability,  are  Inferior  to 
steel  and  A1  liners  as  damaging  agents. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SHAPED  CHARGE  DAMAGE  TO  AIRCRAFT 
STRUCTURES,  by  G.  C.  Throner.  Nov.  ISoI, 
p.  369-371.  (Proj.  no.  TB3-0134,  BRL  rept. 
no.  837)  (In  its  Transactions  of  Symposium  on 
Shaped  Charges  held  at  the  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Ma-, 

Nov.  13-lfi,  1951,  Confidential,  AD-15311 

Confidential 

The  search  for  an  ideal  warhead  for  ground-to-air 
guided  missiles  was  centered  upon  4  differed 
types  of  heads,  the  most  promising  of  which,  ac¬ 
cording  to  Eome  Investigators,  is  1  using  tie 
shaped  charge  principle.  Since  1950,  the  Naval 
Ordnance  Test  Station  has  been  engaged  in  studies 
of  the  effects  of  shaped  charges  fired  at  aircraft 
structures  from  long  standcll  distances.  Tests 
have  shown  that  the  hyperveiocity  shaped  charge 
jet  fragments  can  be  directed  against  aircraft 
targets  100  to  150  it.  from  the  point  of  detonation 
and  produce  K-klU  damage.  The  type  of  irmage 
incurred  is  referred  to  as  "vaporific"  damage, 
and  is  characterised  by  a  brilliant  flash  which 
envelopes  the  target  and  produces  severe  struc¬ 
tural  and  skin  damage  to  the  aircraft.  Present  in¬ 
vestigations  lead  to  the  hypothesis  that  "vaponflc 
damage  is  the  result  of  target  material  combining 
explosively  with  its  surrounding  atmosphere  be¬ 
cause  of  the  high  energy  imparted  to  the  material 
by  impacting  jet  fragments.  Single  hyperveiocity 
(8,000  to  15,000  ft.  /sec. )  pellets  have  been  fired 
from  "Pugh  charges"  against  enclosed,  multiple- 
plate  A1  targets  containing  both  Inert  and  reactive 
atmospheres  such  as  Ha,  N,  O,  and  engine 
exhaust  gas.  It  was  shown  that  "vaporlfic"’  flashing 
and  the  accompanying  damage  can  occur  only  in 
an  atmosphere  which  will  react  with  the  target 
material  when  the  latter  is  produced  in  finely 
divided  form  by  high  velocity  Impact.  Tfce  pos¬ 
sibility  of  protection  by  purging  the  interior  of 
aircraft  wings  with  engine  exhaust  gas  Is  cited. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SOURCES  OF  DISPERSION  IN  SHAPED  CHARGE 
PERFORMANCE,  by  R.  von  Helne-Geldem.  Nov. 
1051,  p.  15-01  incl.  Illus.  diagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  837)  (In  Its  Transactions 
of  Symposium  on  Shaped  Charges  held  at  the 
Ballistic  Research  Laboratories,  Aberdeen  Prov¬ 
ing  Ground,  Md.,  Nov.  13-16,  1951,  Confidential, 
AD-1531)  Confidential 

Dispersion  in  the  performance  of  shaped  charges 
can  be  assigned  to  3  distinct  causes:  (a)  lack  of 
homogeneity  of  the  explosive;  (b)  geometric  liner 


imperfections;  (c)  improper  alignment  between 
charge  and  liner.  OI  these  3  causes,  only  the 
last  2  have  been  evaluated  quantitatively.  The 
importance  of  perfect  axial  symmetry  In  zones 
perpendicular  to  the  axis  can  hardly  be  stressed 
enough.  Very  little  is  known  about  the  effect  of 
(a)  Further  attempts  at  reducing  charge  vari¬ 
ability  should  be  directed  at  improving  the  homo¬ 
geneity  of  the  explosive.  (BRL  abstract) 


Ballistic  Research  Laboratories,  Aberdeen  Proving 

Ground.  _  ,  ,  , 

SPIN  COMPENSATION,  by  E.  L.  Litchfield. 

Nov.  1951,  p.  331-338  incl.  diagrs.  (Proj.  na. 
TB3-0134,  BRli  rept.  no.  837)  (In  Its  Trans¬ 
actions  of  Symposium  on  Shaped  Charges  held  at 
the  Ballistic  Research  Laboratories,  Aberdeen 
Proving  Ground,  Md. ,  Nov.  13-16,  1951,  Con¬ 
fidential,  AD- 1531)  Confidential 

Techniques  and  methods  for  the  manufacture  of 
fluted  cones  as  developed  in  cooperation  with  the 
NBS  are  discussed.  Techniques  used  In  producing 
CIT  laboratory  size  samples  are  essentially  those 
required  for  large  scale  production  of  liners  for 
weapons  use.  it  is  shown  that  the  problem  of  ob¬ 
taining  good  fluted  liners  Is  of  the  same  magnitude 
as  that  of  obtaining  good  smooth  liners.  The  re¬ 
sults  obtained  from  tests  with  various  fluted  liner 
designs  are  presented.  Several  fluted  liner  de¬ 
signs  have  produced  lD03o  compensation  (l.e. 
static  smooth  liner  performance)  at  spin  rates  an 
high  as  150  to  180  r.p.  s. ;  other  liner  designs 
have  produced  as  much  as  75 i>  compensation  at 
spin  rates  as  high  as  300  to  330  r.  p.  a.  Additional 
fluted  liner  groups  which  may  be  of  importance 
in  future  weapons  design  are  also  discussed. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 

STUDY  OF  THE  EFFECTS  OF  ROTATION  UPON 
THE  PENETRATION  OF  JETS  FROM  105-MM. 
SHAPED  CHARGES,  by  L.  Zernow,  J.  Regan, 

J.  Simon,  and  I.  Lieberman.  Nov.  1951,  p.  319- 
330  Incl.  illus.  diagrs.  (Proj.  no.  TB3-0134, 

BRL  rept.  no.  837)  (In  its  Tiansactiors  of 
Symposium  on  Shaped  Charges  held  at  the  Ballistic 
Research  Laboratories,  Aberdeen  Proving 
Ground,  Md.,  Nov.  13-16,  1951,  Confidential, 
AD-1531)  Confidential 

An  analysis  of  the  targets  into  which  rotated 
shaped  charges  were  fired  was  carried  out  prior 
to  flash  radiographic  studies  previously  reported. 
Clear  evidence  was  found  for  the  bifurcation  and 
subsequent  apparent  polyfurcation  of  lhe  jet  at 
Increasingly  higher  rotational  frequencies.  Photo¬ 
graphs  of  sample  targets  Illustrating  this  effect 
are  shown.  A  rotational  standoff  effect  is  es¬ 
tablished,  which  shows  that  the  depth  ol  penetra¬ 
tion  of  a  rapidly  rotated  shaped  charge  decreases 
sharply  with  increasing  standoff.  Additional 
evidence  for  the  Importance  of  shocks  and  com- 
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possibility  In  (he  penetration  process  Is  found  in 
peculiar  holes  of  essentially  square  cross  section 
associated  with  the  jets  from  the  rotated  pro¬ 
jectiles.  It  is  noted  that  these  effects  m;iy  be  im¬ 
portant  in  lethality  studies.  A  hydrodynamic 
model  of  a  rotating  hollow  liquid  cylinder  which  is 
unstable  under  roiation  Is  proposed  as  a  basis  for 
understanding  the  bifurcation  process. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THEORY  OF  LINED  HOLLOW  CHARGES,  by 
E.  M.  Pugh.  Nov.  1951,  p.  11-31  incl.  lllus. 
diagrs.  (Proj.  no.  TB3-0134,  BRL  rept.  no.  837) 
(in  its  Transactions  of  Symposium  on  Shaped 
Charges  held  at  the  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md.,  Nov.  IS¬ 
IS,  1951,  Confidential,  AD-1531)  Confidential 

An  extension  of  the  theory  of  cona  collapse  and  Jet 
formation  published  in  the  Journal  of  Applied 
Physics  is  presented  {Hem  no.  Lo5o).  By  as¬ 
suming  a  time  gradient  in  ihe  velocity  of  collapse 
of  the  cone  walls,  the  long  rear  end  of  the  jet  is 
explained  without  recourse  to  a  slog  extrusion 
theory.  Experiments  verifying  this  theory  are 
discussed.  The  theory  of  penetration  Is  reviewed  to 
see  how  well  it  explains  the  experimental  resulls 
obtained  with  liners  of  different  materials  and 
with  targets  of  different  materials.  A  release 
wave  hypothesis,  based  upon  characteristic  sur¬ 
faces  of  Courant  and  Friedrichs,  is  briefly  men¬ 
tioned.  Though  manifestly  inadequate,  it  provides 
a  very  rough  correlation  between  the  performance 
of  explosives  of  qu it e  d i i ie rent  shape.  (BRL  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

A  ZERO  ORDER  THEORY  OF  THE  II-TiTIAL 
MOTION  OF  "LUTED  HOLLOW  CHARGE 
LINERS,  by  L.  H.  Thomas.  Nov.  1951, p.  353- 
358  incl.  diagrs.  (Proj.  no.  TB3-C134,  BRL  rept. 
no.  837)  {In  its  Transactions  of  Symposium  on 
Shaped  Charges  held  at  the  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Md. , 

Nov.  13-16,  1951,  Confidential,  AD-1531)  Also 
published  as  BRL  rept.  no.  765,  TIP  C59201 

Confidential 

When  a  cased  charge  detonates,  the  early  motion  of 
the  casing  may  be  divided  into  3  parts:  the  initial 
state  of  rest  or  steady  motion,  a  confused  regime 
of  shock  waves  and  reflected  rarefaitinns,  and  a 
more  or  less  steady  motion  under  the  continuing 
pressure  of  the  explosion  gases.  For  a  light  casing 
a  plausible  0  order  theory  treats  the  whole  inter¬ 
mediate  stage  as  the  motion  of  a  single  shock  wave 
forming  a  refracted  extension  of  the  detonation 
wave  into  the  casing,  which  sets  the  casing  im¬ 
pulsively  into  motion.  The  momentum  Impulsively 
given  in  this  approximation  to  a  certain  area  of 
the  casing  is  proportional  lo  its  thickness;  the 
physical  reason  for  this  being  the  longer  time  that 


the  material  is  confined  by  that  adjoining  it  when 
it  is  thicker.  This  picture  makes  !t  possible  to 
estimate  the  angular  momentum  of  a  zone  of  a 
shaped  charge  liner  immediately  after  the  passage 
of  ihe  detonation  wave,  and  the  angular  momentum 
is  not  likely  to  change  much  later  as  equal  pres¬ 
sure  on  (he  outer  surface  of  the  liner  would  pro¬ 
duce  no  change.  The  assumption  that  nearly  0 
angular  momentum  is  a  necessary  condition  for 
the  formation  of  a  good  jet  now  leads  to  a  predic- 
ti  m  of  the  effect  of  any  given  fluting  in  counter¬ 
acting  initial,  rotation  which  is  in  qualitative,  and 
perhaps  rough  quantitative  agreement  with  obser¬ 
vation.  If  this  0  order  theory  is  borne  out  by 
further  comparison  with  observation,  it  may  assist 
the  design  of  efficient  liners  for  rotating  projectiles. 
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Ballistic.  Research  Laboratories,  Aberdeen  Proving 
Ground. 

AN  OPTICAL  STUDY  OF  SHAPED  CHARGE 
JETS,  by  R.  A.  Bailey,  D.  R.  Born,  and 
fi.i.j  Sulianoif.  Dec.  1951,  38p.  incl.  illus.  diagrs. 
(BRL  rept.  no.  788)  TIP  RS426  '  Restricted 

Standards  are  to  be  established  for  comparison 
with  the  results  to  be  obtained  from  tests  of 
shaped  charges  prepared  with  carefully  controlled 
parameters.  Data  were  established  for  the  per¬ 
formance  of  the  steel  cone  from  the  M9A1  rifle 
grenade  cut  down  to  a  1-in.  diameter  base.  The 
luminous  phenomena  recorded  in  the  short-durar 
tion  optical  studies  of  shaped  charges  were  in¬ 
vestigated,  and  the  velocity  of  penetration  of 
various  materials  by  the  M9A.1  jet  was  determined. 
By  application  of  the  wipe-off  theory  (Journal  ol 
Applied  Physics,  v.  19,  1948:  563-582),  the 
penetration  records  were  further  analyzed  to 
determine  Ihe  velocity  gradient  for  the  Jet.  Three 
separate  air  shocks  associated  with  cone  collapse 
and  jet  formation  were  identified.  The  optical 
studies  confirmed  the  linear  dependence  of  pene¬ 
tration  velocity  on  the  square  root  of  target 
density,  and  the  velocity  gradient  was  linear.  The 
association  of  each  jet  particle  Coy  its  velocity)  to 
an  origin  along  the  coat  axis  was  indicated.  The 
results  are  in  good  agreement  with  existing 
theories  and  previous  observations.  Comparison 
of  short-duration  recording  methods  employed  in 
shaped  charge  studies  and  modilications  of  the 
Bowen  RC-3  rotating-mirror  camera  arc  discussed 
in  appendixes.  (TIP  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

MIND  TUNNEL  TESTS  OF  THE  T131  105-MNI. 
HEAT  PROJECTILE.  Dec.  1951,  68p.  incl.  illus. 
diagrs.  (Proj.  no.  TB3-023DA,  BRL  Technical 
note  no.  565)  Confidential 

Budd  Company  models  of  the  105-mm.  TlSl 
HEAT  round  were  tested  to  determine  the  pitching 
moment,  c.p. ,  drag  and  normal  force  for  con¬ 
figuration  using  2  body  nose  types,  2  folding  4-fin 
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tail  assemblies,  5  fixed  6-fln  tail  designs,  and 
3  different  boom  lengths.  The  projectile  was 
stable  for  all  fin-body  combinations  tested  with 
the  greatest  stability  being  obtained  with  the  30° 
leading-edge,  sweepback,  end-plated,  fixed  fin, 
short  nose,  long  boom  body  design.  The  teat  re¬ 
sults  Indicated  that  by  using  the  low-drag  folding 
fin  tall,  the  over-all  length  of  the  projectile  could 
be  reduced  and  stability  stiU  maintained.  The 
aerodynamic  coefficients  are  given  for  all  motfelo. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground.  “ 

BODY  NOSE  SHAPES  FOR  OBTAINING  HIGH 
STATIC  STABILITY,  by  A.  S.  Platon.  Feb.  1352_ 
54p.  inch  illus.  diagrs.  (Proj.  no.  TB3-GZ30A, 
3RL  Memo.  rept.  no.  592)  TIP  C8092 

Confidential 

In  an  attempt  to  develop  a  short  length  105-mm. 
spin-stabilized  shaped  charge  projectile,  wind 
tunnel  tests  were  made  on  various  r'rc'cctile  rc”c 
shapes.  A  c.  p.  much  further  aft  than  that  required 
on  conventional  projectiles  was  required  because 
of  the  rearward  c,  g.  position  of  the  shaped  charge 
and  because  of  the  fact  that  excessive  spin  causes 
penetration  degradation  In  the  shaped  charge.  The 
tests  results  showed  that  the  necessary  rearward 
c.p.  positions  could  be  obtained  by  replacing  the 
conventional  ogive  by  a  spike  which  produces  a 
region  of  separated  flow  between  the  tip  of  the 
spike  and  the  front  of  the  main  body.  By  this  means 
c.  p.  's  up  to  76%  of  trie  length  aft  of  the  nose  were 
obtained  as  compared  to  48%  for  a  cone  cylinder 
of  the  same  length. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SPIN  AND  AERODYNAMIC  CHARACTERISTICS 
OF  THE  105-MM.  SHELL  T131,  HEAT.  Feb, 

27,  1952,  14p.  incl.  table,  diagrs.  (Proj.  no. 
TB3-0230A,  BRL  Technical  note  no.  593) 

Confidential 

Aerodynamic  tests  were  made  on  the  105-mm., 

7131  HEAT  round  with  plain  and  with  end-plated 
fins  to  determine  Us  moment,  spin,  and  damping 
characteristics.  A  limited  series  of  launchings 
of  full-scale  rounds  provided  the  basic  data.  The 
results  indicate  that  the  spin  initially  gained 
damps  slowly,  and  that  the  round  having  end- 
plated  fins  launches  more  uniformly. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

INVESTIGATION  OF  THE  SPIN  OF  THE  120-1™ 
T230  PROJECTILE  WHICH  INCORPORATES  A 
SHAPED  CHARGE.  Mar.  1P5Z,  J4p.  incl.  table 
diagrs.  (Pro),  no.  TB3-0230A,  BP.L  Technical 
note  no.  588)  Confidential 
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Since  it  was  found  experimentally  that  shaped 
charge  penetration  decreased  rapidly  at  spin 
rates  above  25  r.p.  a. ,  a  spin-stabilized  type  of 
projectile  was  Investigated.  Four  T230  rounds, 
consisting  of  a  spinning  part  and  a  nonspinntng 
part,  were  fired.  Data  indicated  that  the  Initial 
spin  of  the  centerbody  was  slightly  less  than  that 
Imparted  by.  the  rifling  of  the  gun.  The  spin  rate 
Increased  slightly  as  the  projectile  traveled  down 
range  having  a  mid-range  value  of  317  r.p.  s.  A 
modification  of  the  original  T230  rounds  tested 
ga^e  similar  results.  Therefore  It  was  concluded 
that  the  T230  configuration  was  not  suitable  for 
shaped  charge  adaptation. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

A  WIRE-DRIVEN  PROJECTILE  ROTATING 
DEVICE  FOR  HOLLOW  CHARGE  INVESTIGA¬ 
TIONS,  by  S.  Kror.man  and  L.  Zernow.  Mar.  21, 
1952,  !9p.  Incl.  illus.  dlagra.  (BRL  rept. 
no.  789)  TIP  CS109  Confidential 


A  description  Is  given  of  a  wire-driven  device  for 
rotating  and  detonating  large  caliber  (105-mm.) 
hollow  charge  projectiles  at  rotational  frequencies 
in  excess  of  350  r.  p.  s.  The  only  element  of  the 
system  expended  is  the  0.  052-ln.  piano  wire. 
Methods  oi  monitoring  the  rotational  frequency 
and  electrically  Initiating  the  charge  are  discussed. 
The  system  Is  also  suited  for  studies  of  spin 
compensation  systems.  Data  are  given  showing 
the  effect  of  rotation  on  penetration  of  105-mm. , 
45°  Cu  liners  with  spitback  fuzes  fired  at  a  stand¬ 
off  of  7  in.  Losses  in  penetration  oi'  about  50% 
for  spin  rates  as  low  as  45  r.  p.  s.  are  indicated. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  EVOLUTION  OF  JETS  FROM  CAVLTY 
CHARGES  AS  SHOWN  BY  FLASH  RADIO¬ 
GRAPHS,  by  H.  I,  Breldenbach.  Apr.  1952, 

34p.  incl.  illus.  tables,  diagrs.  (Proj.  no. 
TB3-0134,  BRL  rept.  no.  808)  TIP  C9558 

Confidential 


Flash  radiographs  of  past  and  present  types  of 
acute  Jingle,  model  cavity  charges  were  analyzed. 
From  this  analysis  it  was  determined  that: 

(1)  liner  apex  angle,  liner  thickness,  ratio  of 
charge  lo  liner  diameter,  and  liner  symmetry  all 
affect  the  collapse  angle  fi+ ,  and  consequently  the 
mass  distribution  between  the  slug  and  jet; 

(2)  after  complete  collapse  of  the  liner,  consider¬ 
able  dimensional  changes  take  place  In  the  slug; 

(3)  sufficient  pressure  is  exerted  on  the  target  by 
portions  ol  the  slug  to  contribute  to  the  penetration 
of  a  steel  target;  (4)  hardness  of  the  liner  material 
is  a. determining  factor  in  the  final  form  of  the 
slug  and  the  jet;  (5)  Jet  mass,  although  a  different 
percentage  of  the  liner  for  different  designs  of 
liner  and  charge,  is  a  constant  percentage  for  each 
liner  type  after  total  collapse;  and  (6)  electro- 
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formed  liners  made  to  close  tolerances  produce 
longer,  straigtiter  jets  and  cyra  metrical  shigtr, 
and  give  target  penetrations  having  standard 
deviations  of  not  over  5%. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

PENETRATION  OF  SHAPED  CHARGE  JETS 
INTO  MASSIV'E  MILD  STELA  TARGETS;  A 
LITERATURE  SURVEY,  by  1 f.  E.  Shaw.  Apr. 
1952.  36p.  incl.  diagrs.  (Proj.  no.  TB3-0134, 
BRL  Memo.  rept.  no.  607)  TIPC8314 

Confidential 

Curves  are  presented  for  the  penetration  of  shaped 
charge  jets  into  massive  mild  steel  targets  as  a 
function  of  liner  angle,  liner  thickness,  and  stand¬ 
off.  Liners  were  o!  steel,  Cu,  AJ,  Zn,  and  Pb. 
The  curves  were  plotted  from  data  published  by 
KDRC  Div.  8  and  du  Pont  during  the  period  from 
1943-1945. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

THE  DESIGN  AND  SELECTION  OF  ARMOR 
MATERIALS,  by  A.  Hurlich.  May  1952,  p.  70. 
(Proj.  no.  T33-1224B,  BRL  rept.  no.  81E)  (In  Its 
Rept.  of  Fourth  Tank  Conference  held  at  Aberdeen" 
Feb.  25-27,  1952,  compiled  by  A.  E.  Roden, 
Secret,  TIP  S2561)  Secret 

Chemical  energy  armor-defeating  ammunition  of 
the  HEAT  and  HEP  types  is  very  briefly  discussed 
concerning  the  design  and  selection  of  armor 
materials. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

EXPLODING  WIRE  BACKLIGHTING  FOR  THE 
STUDY  OF  DETONATION,  SHOCK  AND  SHAPED 
CHARGES,  by  R.  S.  Holtzworlh  and  D.  J.  Hinz. 
May  1952,  26p.  incl.  illus.  diagrs.  (BRL  rept. 
no.  818)  TIP  U24621  Unclassified 

An  exploding  wire  backlighting  source  was  de¬ 
veloped  to  investigate  fast  transient  shock  phe¬ 
nomena.  A  3  mil,  1-in.  W  (tungsten)  wire,  ex- 
p!oded  electrically  by  the  energy  from  a  bank  of 
capacltators,  provided  an  excellent  light  source 
of  high  intensity  and  long  duration.  This  light 
source  was  designed  for  use  with  the  Bowen  RC-3 
rotating- mirror  camera  and  the  1  psec.  magneto¬ 
optic  shuttered  camera.  Good  definition  of  the 
shock  phenomena  was  obtained  by  placing  a  plano¬ 
convex  condensing  lens  between  the  detonation 
phenomenon  and  the  exploding  wire.  Backlighted 
photographs  of  shaped  charge  phenomena  are 
included. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

FRENCH  ANTITANK  GUIDED  MISSILE,  by 
Newton.  May  1952,  p.  136.  (Proj.  no. 
TB3-1224B,  BRL  rept.  no.. 815)  (In  Hs  Rept.  of 
Fourth  Tank  Conference  held  at  Aberdeen,  Feb. 
25-27,  1952,  compiled  by  A.  E.  Roden,  Secret, 
TIP  S2561)  Sccrel 

The  35-lb.  French  SS1D  antitank  guided  missile 
containing  an  8.8-lb.  shaped  charge  warhead  In 
briefly  described.  Of  14  rounds  fired  at  a  fi-ft. 
square  target,  range  1100  yd. ,  8  were  hits  and  3 
near-misses.  The  3  failures  occurred  during  the 
test  of  a  new  type  guidance  controL  No  penetra-' 
tioa  data  were  given. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

PROTECTION  OF  ARMORED  FIGHTING  VEHI¬ 
CLES  AGAINST  MINES,  by  C.  Dunbar.  May 
1952,  p.  239-256.  (Proj.  no.  TB3-1224B,  BRL 
rept.  no.  815)  (rn  its  Rept.  of  Fourth  Tank 
Conference  held  at  Aberdeen,  Feb.  25-27,  1952, 
compiled  by  A.  E.  Roden,  Secret,  TIP  S2561) 

Secret 

The  hollow  charge  mine  as  an  antitank  weapon 
was  discussed.  Tests  showed  that:  (1)  a  6.25-Ib. 
hollow  charge  mine  buried  at  a  depth  of  30  In. 
would  penetrate  armor  20  mm.  thick;  (2)  pene¬ 
tration  of  the  jet  into  the  tank  proper  would  prob¬ 
ably  cause  a  fire  because  of  the  necessity  of  stow¬ 
ing  large  amounts  of  ammunition  on  the  tank 
floor;  (3)  the  hollow  charge  mine  was  ineffective 
against  tank  tracks,  penetrating  but  not  severing 
the  tracks. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SOVIET  ARMOR  DISTRIBUTION,  by  A.  E.  Roden. 
May  1952,  p.  150-167  incl.  diagrs.  (Proj.  no. 
TB3-1224B,  BRL  rept.  no.  815)  (In  its  Rept.  of 
Fourth  Tank  Conference  held  at  Aberdeen,  Feb. 
25-27,  1352,  compiled  by  A.  E.  Roden,  Secret, 
TIP  152561) 

A  mathematical  analysis  was  made  to  evaluate  the 
ballistic  performance  of  HEAT,  AP,  HVAP  and 
HEP  projectiles  and  guns  ranging  from  the  76-mm. 
T91  to  the  120- mm,  T123  against  the  JS  HI  and 
T34/B5  tanks  and  the  JSU152  and  SU100  self-pro¬ 
pelled  guns  of  the  Soviet  Mechanized  Army  and 
Rifle  Corps.  The  calculated  data  are  given  on 
curves  which  provide  a  means  of  comparing  the 
probable  penetration  capabilities  or  the  varloun 
antitank  projectiles  considered.  It  was  concluded 
that  the  90-mm.  HEAT  round  is  adequate  for  com- 
b  itting  all  Soviet  armored  vehicles  with  the  pos¬ 
sible  exception  of  the  JS  I1L 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SOVIET  TANK  COMBAT  METHODS,  by 
H.  H.  Hewze.  May  1952,  p.  216-227.  (Pro],  no. 
TB3-1224B,  BRL  rept.  no.  815)  (In  Its  Kept  of 
Fourlh  Tank  Conference  held  at  Aberdeen,  Feb. 
25-27,  1052,  compiled  by  A.  E.  Roden,  Secret, 
TIP  S2561)  Secret 

The  following  were  briefly  considered  in  regard  to 
tank  warfare: 

(1)  the  German  Panzerfaust 

(2)  the  fin-stabilized  90-mm.  HEAT  round  an  com¬ 
pared  with  the  105-mm.  AP  round. 


L24D 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

STUDIES  OF  ARMOR  TO  DEFEAT  HEAT  AND 
HE?  PROJECTILES,  by  E.  L.  Kirkpatrick. 

May  1952,  p.  73-120  incl.  illus.  tables.  (Prol. 
no.  TB3-1224B,  BRL  rept.  no.  815)  (In  Ua  Rept. 
of  Fourth  Tank  Conference  held  at  Aberdeen 
Feb.  25-27,  1952,  complied  by  A.  E.  Rodem 
Secret,  TIP  S2561)  secret 

The  following  Etudies  are  discussed: 

(1)  Natural  aggregates  (sand,  gravel  and  crushed 
stone)  vs.  the2.30-ln.  rocket  M6A3C. 

(2)  Heavy  A!  armor  vs.  3.  5-in.  HEAT  rocket 

(3)  A1  and  the  density  law. 

(4)  Tests  with  small  shaped  charges  and  AP 
projectiles. 

(5)  Spaced  armor, 

(6)  The  FUntkote  contract 

(7)  Kalo  plastics. 

(8)  The  Nelson  Stud  Welding  contract. 

L35D 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

SUMMARY  OF  BRL  MINE  STUDIES,  by 
A.  R.  Vincent.  May  1952,  p.  234-281.  (ProJ. 
no.  TB3-1224B,  BRL  rept.  no.  815)  (In  Its  Rept 
of  Fourth  Tank  Conference  held  at  Aberdeen 
Feb.  25-27,  1952,  compiled  by  A.  E.  Roden 
Secret,  TIP  S25G1)  Secret 

The  performance  possibilities  of  the  single  and 
the  proposed  multijet  hollow  charge  mines  when 
used  against  tracks  of  the  IIS  T26E4  and  the 
Soviet  T34/85  tanks  were  considered.  In  a  test 
3.  5-in.  HEAT  rockets  were  fired  through  the  tank 
tracks;  no  damage  resulted.  The  single  hollow 
charge  mine,  with  explosive  and 'cone  similar  to 
the  3. 5-In.  HEAT  rocket,  caused  no  track  damage, 
being  effective  oniy  on  penetrating  the  tanks  floor 
plate  to  fire  ammunition  and  fuel.  It  is  believed 
that  the  proposed  multijet  mine,  containing  6  cones 
set  at  45°  elevation  in  a  12-lb.  hemisphere  of 
explosive,  will  cause  track  damage  and  also  pro¬ 
vide  the  possibility  of  a  complete  tank  kill.  It  la 
assumed  that  the  multijet  mine  will  require  lower 


densities  per  unit  area  to  achieve  the  same  level 
of  target  immobilization  caused  by  the  M6  HE 
(J2-lb.)  mine  or  the  single  hollow  charge  mine.  A 
more  complete  evaluation  will  be  made  when  the 
multijet  mine  Is  tested  and  additional  information 
Is  obtained  on  the  JS  in  track. 

JL35X- 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

TANK  VULNERABILITY  TESTING,  by  A.  Pll- 
lersdorf.  May  1952,  p.  137-146.  (Proj.  uo. 
TB3-1224B,  BRL  rept.  no.  815)  (In  Its  Rept,  of 
Fourth  Tank  Conference  held  at  Aberdeen,  Feb. 
25-27,  1952,  compiled  by  A.  E.  Roden,  Secret* 
TIP  S25S1)  Secret 

The  ?.  T-In.  and  6)  5- In.  HEAT  aircraft  rockets  are 
briefly  discussed. 

L352 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
C round. 

THE  VULNERABILITY  OF  THE  JS  HI  TO  AT¬ 
TACK  BY  TWO  TYPES  OF  PROJECTILES,  by 
G.  A.  Zeller.  May  1952,  p.  168-183  lncl.  tables 
diagrs.  (Proj.  no.  T33-1224B,  BRL  repL 
r.e.  815)  (In  its  Rept.  of  Fourth  Tank  Conference 
held  at  Aberdeen,  Feb.  25-27,  1952,  compiled  by 
A.  E.  Roden,  Secret,  TIP  S2561)  Secret 

A  study  was  made  of  the  practicability  of  replacing 
the  90-mm.  gun  (HEAT  round)  on  the  medium  tank 
with  the  105-mm.  gun  (AP  round).  The  HEAT 
round  was  used  since  It  offered,  on  the  basis  of 
penetration,  the  only  possibility  of  consistently 
defeating  the  JS  III  with  the  90-mm.  gun.  Target 
kill  probability,  rate  of  fire,  number  of  attack 
tanks  in  action,  and  effectiveness  in  mass  action 
against  a  group  of  JS  IH  target  tanks  were  con¬ 
sidered.  This  analysis  suggested  that  the  90-mm. 
gun  was  more  desirable  for  the  medium  tank  than 
•was  the  105  mm.  However,  it  was  concluded  that 
guns  larger  than  the  90  mm.  were  needed  for  com¬ 
plete  success  against  the  JS  HI.  Graphs  are  given 
for  kill  probability  as  functions  of  azimuth  angle 
of  attack  and  range  for  both  rounds. 

L35S 

Ballistic  Research  Laboratories,  Aberdeen  Provinrr 
Ground.  “ 

EXAMINATION  OF  SMALL  CAST  IRON  LINERS 
FOR  USE  IN  SHAPED  CHARGES.  June  1952, 
lOp.  fncl.  illus.  (BRL  Technical  note  no.  709) 

-  Confidential 

Three  samples  cf  cast  Fe  shaped  charge  liners 
from  a  lot  tested  at  the  Naval  Ordnance  Laboratory 
were  examined  metallurgfcally  to  ascertain  why 
their  perfor  nance  did  not  confirm  penetration  data 
for  liners  of  this  type.  The  liners  were  simple 
cones  with  a  45°  apex  angle  and  a  1-in.  base  diam¬ 
eter,  machined  from  small  rough  castings  or  cast 
billets.  The  specimens  were  examined  at  magnifi¬ 
cations  of  100  x  and  5D0  x.  Material  In  these 
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liners  was  comparable  *o  Cn  on  the  basis  of 
hardness  only.  The  reason  for  the  favorable  per¬ 
formance  of  the  cast  Fe  liners  was  not  determined. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

DETONATION  AND  SHOCK  IN  A  HOLLOW 
EXPLOSIVE  CYLINDER,  by  M.  Sultanofl.  July  1 
1952,  17p.  incl.  Illu3.  dlagrs.  {Pro],  no. 
TB3-0112K,  BRL  rept.  no.  824)  TIP  b'24713 

Unclassified 

The  detonation  and  shoclr  associated  with  hollow 
50/50  pentollte  cylinders  C  in.  long  (effective 
length  S  in.),  having  inside  and  outside  diameters 
of  1  in.  and  1.5  in.,  respectively,  and  boostsred 
by  truncated  cones  of  Comp.  C-3,  were  analyzed 
A  Mach  shock  velocity  of  15  mm./psec. ,  ap¬ 
proximately  twice  the  detonation  velocity,  was 
measured.  The  mechanism  of  Ihe  connection  be¬ 
tween  the  cetcination  front  and  the  shock  wave  In 
the  cavity,  which  outruns  it 's  not  understood’ 

The  detonation  velocity  remained  normal 
(7.  6  ram.  /psec.)  until  the  detonation  frent  reached 
a  point  75  mm.  from  the  charge's  open  end  at 
which  point  the  velocity  increased  *o  8. 1  mm.  /psec. 
It  is  postulated  that  the  Increase  in  detonation 
velocity  is  caused  by  a  change  in  the  density  of 
the  explosive  brought  about  by  the  pressure  in  the 
'  Internal  shcck  wave.  A  graphical  configuration  of 
the  detonation  and  shock  front  in  the  cylinder  at 
Ijisec.  intervals  Is  given. 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

WIND  TUNNEL  TESTS  OF  THE  T153  120-MM 
HEAT  PROJECTILE,  by  R.  H.  Krleger.  Aug.  ' 
1952,  86  p.  incl.  illus.  tables,  dlagrs.  (Pro) 
no.  TB3-1838A7,  33L  Technical  note  no.  7241 
TIP  C8898  Confidential 

Budd  Company  models  of  the  T1 53  120-mm.  HEAT 
round  were  tested  to  determine  pitching  moment, 
c-p. ,  and  normal  force  for  configurations  em¬ 
ploying  4  body  nose  shapes,  5  fixed  6-fin  tail  de¬ 
signs,  2  folding  d-fin  tail  units,  and  4  boom  lengths. 
Projectile  stability  was  obtained  with  all  fin-body 
configurations,  with  the  grealest  stability  being 
possessed  by  the  30°  leading-edge,  sweepback, 
end-plated  fixed  fin  model.  The  test  results  showed 
that  the  use  of  the  folding  fin  tail  offers  the  pos¬ 
sibility  of  reduced  over-all  projectile  length  at 
M  =4.0.  It  was  also  indicated  that  a  more  stable 
folding- fin  round  of  the  same  length  as  the  best 
fixed  round  can  be  designed.  The  aerodynamic 
coefficients  are  given  for  all  models. 

SECRET 


Ballistic  Research  Laboratories,  Aberdeen  Proving 
Gruund.  u 

VELOCITY  AND  PENETRATION  MEASURE- 
MENTS  OF  CAVITY  CHARGE  JETS  IN  RARE- 
ATMOSPHERES,  by  n.  I.  Breldenbach  and 
J-  W.  Gehring.  Sept.  1952,  33p.  Incl.  illus. 
tables,  dlagrs.  (Pro),  no.  TB3-0134,  BRL  rent 
no.  833)  TIP  C8956  ConfiueXl 

Xet  particle  velocities  in  rarefied  (60-120  p)  and 
sea  level  (760  mm.)  atmospheres  measured  both 
electron icallv  and  optically  show  similar  averago 
apparent  decelerations  in  both  atmospheres  at 
distances  of  300  to  750  mm.  from  the  bass  of  the 
shaped  charge  liners.  The  particles  in  the  rare- 
a  ^“^phere  show  evidence  of  flashing,  yawing, 
and  possible  tumbling,  thus  complicating  the  in- 
terpretaiion  of  both  electrically  ajid  optically 
recorded  data.  A  discussion  of  this  problem  to 
Included.  The  apparent  deceleration  of  the  lets  in 
of  the  same  order  of  magnitude  as  that  observed 
for  meteors  at  altitudes  of  70-75  km.  Penetration 
measurements  made  on  steel  targets  struck  by 
.ets  fired  at  optimum  standoffs  in  6P  to  120  u  at¬ 
mospheres  show  no  significant  difference  from  tha 
usual  penetration  obtained  from  similar  charges 
f  red  at  sea  level.  Flash  radiographs  of  Jets 
fired  simultaneously  In  normal  air  pressure  and 
at  reduced  pressure,  at  both  close  and  long  atand- 

k  “W,110l  appJrent  differences  In  formation  or 
in  flight  wh  ch  could  be  attributed  to  the  reduced 
pressure.  (BRL  abstract) 


Ballistic  Research  Laboratories,  Aberdeen  Provlncr 
Ground,  ** 

ANALYSIS  OF  SOME  EXPERIMENTAL  DATA 
ON  GLASS  AS  A  TANK  ARMOR  TO  DEFEAT 
SHAPED  CHARGES,  by  J.  P.  Shanley  Feb  Lss. 

npPi  tablcs’  dia2rs-  (ProJ.  no.  TB3-1224E 
BRL  Memo.  rept.  no.  643)  AD-79S3  * 

Confidential 

f.Mmlme,nt3Mer(;  performetl  to  examine  the  pos¬ 
sibility  CI  urjuig  glass,  backed  by  steel,  as  an 
armor  .or  tanks.  Hocket  he.?ds  (3. 5  in  \  wore 

Iir,u  ir'°  varIous  thicknesses  of  glass 
backed  by  mild  steel.  It  is  shown  that  glass  varies 
hi  relative  effectiveness  In  stopping  the  penetration 
dependent  on  the  thickness  used.  At  Its  best,  6  Li. 
of  glass  is  equivalent  to  6. 5  in.  of  steel.  At  ether 
ihlocnesses,  glass  is  not  so  effective  on  a  thlck- 
ness  basis,  although  on  a  weight  basis  It  ts  superior 
M  “  a11 1)16  thicknesses  tested.  It  Is  con- 
clu^ed  bmt  an  armor  partly  composed  of  glaan 
still  shows  promise  for  defeating  shaped  chargeo. 

L358 

BaGr^idneaearCh  Laborat'orlcs>  Aberdeen  Proving 

FLASH  RADIOGRAPHY  OF  COLLAPUrwr  ins  ui, 
SHAPED  CHARGE  LINERS, 

S  Kronman  F.  Bayfield,  and  J.  Simon.  Feb. 

19-3,  12p.  incl.  illus.  diagr.  (Pro!  no  TR7  oiva 
ML  AD-9401  IP")- 
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Flash  radiography  of  large  collapsing  shaped 

*,ners  v,'2s  accomplished  with  a  low  voltage 
kv)  field  type  flash  radiography  system.  The 
expected  Increase  in  visible  detail  was  found. 

A  highly  efficient  fiim  protection  system  which  de¬ 
pends  In  part  on  large  deformations  of  the  pro¬ 
tective  elements  is  a  crucial  part  of  this  technique 
lor  radiographing  liner  collapse.  The  first  radio¬ 
graphs  of  collapsing  liners  show  that  the  break-up 
of  a  steel  jet  must  occur  at  an  even  earlier  stage 
than  was  deduced  from  jet  studies.  Cu  is  found 
to  behave  in  its  usual  fashion,  arrt  dural  in  the 
early  stages  appears  to  be  collapsing  as  expected. 


L35!) 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

A  METHOD  FOR  INCREASING  THE  DESTRUC¬ 
TIVENESS  AND  LETHALITY  OF  LINED  CAVITY 
CHARGES,  by  H.  I.  Breidenbach.  Feb.  1953, 

44p.  tncl.  Ulus,  tables,  diagrs.  (ProJ.  no. 
TB3-0134,  BRL  rept.  no.  848)  AD- 10  002 

Confidential 

A  truncated  conical  Ai  or  Mg  alloy  sleeve  or 
tapering  wall  thickness  fitted  snugly  over  a 
standard,  Cu  cavity  charge  liner  Improves  the 
incendiary  elfect,  doubles  the  total  weight  of 
material  penetrating  the  target  and  at  least  doubles 
both  the  area  of  effectiveness  and  the  number  of 
large  lethal  particles  striking  objects  placed  re¬ 
motely  from  the  exit  side  of  an  Intervening  steel 
wall.  -No  change  in  optimum  standoff  nor  loss  in 
the  usual  penetration  cf  the  Cu  liner  is  experienced. 
This  rept.  includes  diagrams  and  data  of  the 
evolutionary  stages  leading  up  to  the  final  design 
and  a  series  of  illustrations  of  unusual  liner  shapes 
developed  by  German  scientists  during  World 
War  IL 
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Ballistic  Research  Laboratories,  .Aberdeen  Provmz 
Ground.  6 

STATUS  OF  EXPLOSIVE  ARMOR  STUDIES 
FEB.  1953,  by  J.  P.  Shanley.  Feb.  1953,  26p. 
bicl.  illus.  tables,  d.agrs.  (Proj.  no.  TB3-1224B 
ERL  Memo.  rept.  no,  G48)  AD-9475 

Confidential 


Experiments  were  performed  to  examine  the 
possibility  of  using  explosives  as  a  protective 
device  for  armor  against  shaped  charges.  Ex¬ 
plosives  have  proved  very  effective  in  reducing 
jet  penetrations.  A  fixture  was  designed  for  static 
tests  which,  with  modifications,  can  be  used  to 
mount  explosives  on  tanks.  At  this  time  it  appears 
that  confinement  of  explosives  adds  to  the  ex¬ 
plosive's  effectiveness  Li  stopping  shaped  charge 
penetrations.  The  results  of  the  experiments 
indicate  that  tile  reduction  in  jet  penetration  by  the 
explosive  is  a  function  of  the  weight  of  the  explo¬ 
sive  used. 


L361 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

A  TRIPLE- FLASH  RADIOGRAPHY  SYSTEM 
FOR  STUDYING  JETS  FROM  LARGE  SHAPED 
CHARGES,  by  S.  Kronman,  J.  Simon,  F.  Rayfleld, 
and  L.  Zernow.  Mar.  1953,  25p.  lncl.  Hluo. 
diagrs.  (Proj.  no.  TB3-0134,  BRL  Memo.  rept. 
no.  659)  TIP  CI383  Confidential 

A  triple-flash  field  radiography  system  Is  de¬ 
scribed.  It  is  highly  flexible  and  has  been  applied 
to  the  study  of  jets  from  both  rotated  and  unrotated 
105-mm.  shaped  charges  as  well  as  to  the  study  of 
the  collapse  of  105-mm.  liners  and  to  the  eludy  of 
penetration  cf  targets'.  Sample  triple-flash  radio¬ 
graphs  are  shown. 


L362 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

ON  THE  STABILITY  OF  AN  ELONGATING 
METAL  JET,  bv  G.  F.  Carrier.  Apr.  1953,  lip 
(Proj.  no.  TB3-0134,  BRL  rept.  no.  862) 

AD-2D  700  Restricted 

The  jet  produced  when  a  lined  shaped  charge  Is 
detonated  frequently  breaks  up  into  discrete  Del- 
lets  distributed  along  the  length  of  the  jet.  Because 
of  the  limitations  imposed  by  a  lack  of  knowledge 
concerning  the  physical  properties  of  this  material 
at  high  rates  of  deformation,  a.  theory  was  formu¬ 
lated.  The  theory  is  consistent  with  the  laws  of 
mechanics  but  is  of  a  quasi  J -dimensional  nature 
and  allows  the  postulation  of  a  simple,  qualitatively 
acceptable,  stress-deformation  aw  for  the  metal. 
The  law,  which  is  essentially  that  of  a  perfectly 
plastic  material,  leads  to  a  prediction  of  Instability 
of  the  elongating  configuration  but  the  viscous  law 
does  not.  Possible  interpretations  of  the  rssull3 
are  discussed. 


L363 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

PENETRATION  OF  SHAPED  CHARGES  INTO 
TITANIUM  AND  OTHER  METALS,  by  E.  L.  Kirk¬ 
patrick.  Apr.  1953,  19p.  incl.  Ulus,  tables, 
diagrs.  (Proj.  no.  TB3-1224B,  BRL  Memo.  je~t. 
no.  670)  AD- 18  32(1  Confidential 

Test  results  are  given  for  the  penetration  of  small 
shaped  charges  into  steel,  Al,  Ti,  and  Mg.  T1 
provided  protection  equal  to  the  same  thickness  of 
steel  with  a  weight  saving  of  35%.  The  penetration 
Into  3S  Al  is  almost  50%  more  than  Into  2AST  Al. 
The  penetration  Into  24ST  Al  was  92%  of  the  dis¬ 
tance  predicted  by  the  density  law.  Mg  provided 
15%  belter  protection  than  that  which  wa3  predicted 
but  showed  a  tendency  to  crack  and  shatter. 

(BRL  abstract) 
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AN  ANALYSIS  OF  RESULTS  OF  SOME  DT 

SPIKED  ARMOR  hF  tSHAPED  CHARGES  AGAINST 

•^R-T^Ori,  by  J.  p.  Rhanley  and  BL  L.  Kirk- 

P  tr^ni  June  IS53,  22p-  i,,us-  diagrs  (Proj 

Z™ol2Z4B’  BRLMem3- 

CcefidentJal 

"r/ere  “*de  t0  delcrtulne  the.  effectiveness  cf 
spiked  armor  In  defeating  shaped  charges  Ten 

rn  rnTV.  HEAT’  T18^3  rounds,  havtaga  45° 

BD  T208E7rn.a  taSC  dlamet".  a  PI, 

at  0= -ad  6n»P if,0'®  fCtrlc  nose  fuze-  we  fired 
at  0  ^-nd  60  obliquities  ■;  spiked  targets,  -ivht 

luffered  ?  alef  th*  Spikes;  the  2  remLir^roSs 

i  a  *rom  fuzo  rai  functioning.  It  was  con- 

shaned11^  SpUted  “rmor  ls  ‘neUecfFe  against 
shaped  charge  ammunition  of  the  fast-fuzed  type 
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'  !?“SmA™FcT  CHARACTERISTICS 
HEAT  ™V?'n  ^  STABILIZED  SHELL. 

.  .  •  T ,08i  by  B.  G.  Karpov.  July  1953  37p 

DRL  v  !'  l2b!e3’  t!iaers-  (Pr°i-  TB3-9230*, 
BRL  Memo.  rept.  no.  696)  AD-18  4i2 

Confidential 

The  shrouded  tail  of  the  90- mm.  T108  shell  oxs 
replaced  by  unshrouded  6  fin  bladed  tall.  Firing 

S“sf'etoWn  ,hh‘ thG  ,10W  co,lfisuralion  performed 
satisfactorily  when  fired  from  a  rifled  gun  trie 

Firings  from  the  smooth  bore  gun  tube^ve^or 
accuracy  on  a  target  at  1000  yd.  Investigate/ 
is  phenomenon  in  the  large  Spark  Rangeshowed 
conclusively  that  in  order  to  maintain  accuracy 

90- mm  rm  shTi a"  rnlal  sp!n’  The  for  «* 
n0rO-  MennCfd  nDt  be  hish‘  of  ‘herder 
OI  IU  r.  p.  ,  but  It  to  essential  for  neutrallzinu- 

tl’heVS0hellDirether0dyna‘niC  asymmetries  fcaUtbto 
the  shell  In  the  process  of  manufacture  A  — 

dynamic  characteristics  of  the  90-mrn.  TlD3~chell 

in  thestahntv  A  Byaleraatlc  decrease 

in  toe  Stahl. ity  margin  wjth  increasing  Mach  cum 

ber  is  due  to  a  loss  of  lift  on  the  fins.2  Th?s 

d  ot°odSfnPPefrS  l°  be  ,css  ,i:an  theoretically^ 
dieted  for  wings  of  very  low  aspect  ratio  The 

ferenceneff«trbably  ^  b°dy  W3ke  a"d  **«- 
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AN  EVALUATION  OF  THE  TERMINAL  EF¬ 
FECTIVENESS  OF  THE  2. 75-IN.  FFAR  AND 

a'mo1',  OERIjIK0N  HfiAT  ROCKETS  AGAINST 
A  US  MEDIUM  TANK,  by  W.  Gholston, 

'  °  Neill,  and  J.  R.  Williams.  Aug.  1953. 

r!Prf  nc  '  tables-  dlaera-  !BRL  Memo. 

.rept.no.  716)  AD-22  78B  Confidential 

1  our-hundred-eight  rounds  were  fired  at  T26E4 
tanks  from  an  F84E  fighter  to  obtain  terminal 

lVY1  2  typea  of  HEAT  rockets. 
wlthhiRZ19  f '  75,'  n'  FFAR'S  fired,  32  were  hits, 
with  18  perforating  the  target;  of  the  189  8-cm. 

uerl.kon  rounds  expended,  39  were  hits,  with  15 

Uri!^inf  I-'  '"  UrBel*  Arialysls  01  da'-?  from  these 
flringc;  and  from  tests  against  armor  plate  in¬ 
dicated  no  significant  difference  In  the  armor 
f™!n*  ability  of  the  2  rockets.  The  prob¬ 
ability  of  perforation,  given  a  random  hit  on  the 
target  averaged  0. 38  for  each  rocket  which  was 
considered  to  be  adequate  penetration-wise 

f^'wT5  °k  *he  damafee  aftcr  Perforation  again 
the  7  v?  h°W  a"ySlpl,flcJJlL  differences  between 
the  2. 75-in.  and  0- cm.  rockets.  Summarized 
assessments  o £  the  hits  scored,  including  total 
penetration  data,  are  Included  for  each  roS 
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BalGromidReSearCh  LaboratorIes'  Aberdeen  Proving 

US&T  rf  C0MpC£ITE  ARMOR 

bv?Gp  qk  3,  T  ®ErEAT  SHAPED  CHARGES, 
byIV  P-  “"’ey  a"d  E.  L.  Kirkpatrick.  Aug. 
1953,  20p.  incl.  tables,  diagrs.  (Proi.  no 
TB3-1224D,  BRL  Memo.  rept.  no.  712) 

AD'20  626  Confidential 

Experiments  were  performed  which  Indicate  that 
glass  can  be  used  in  a  composite  armor  to  protect 
tanks  against  shaped  charges.  Composite  armor 
consisting  of  steel  plate,  insulating  material  and 
E  ass  were  very  effective  against  statically  fired 
f •  a:1,L  r,{'cket  heads  at  0“  and  60'  obliquities.  It 
Is  f.ho.vn  t..at  the  addition  of  a  steel  plate  In  front 

the  glass, 

Re^ui?ofao'UthUMu0'  25 in‘  0^eHorO.  5in.  of  air. 

*  obll^ulty  teat3  arc  described  In 
,h‘'h  th®  fjass  in  the  targets  reduced  Jet  pene¬ 
trations  lntc  steel  by  1.  5  times  the  thickness  of 
glass  used.  Weight  savings  as  high  as  54%  over 
the  weight  of  mild  steel  to  defeat  3.  5- in.  rockets 
were  achieved.  A  design  of  composite  armo-  is 
proposed  which  would  protect  the  frontal  areas  d 
present  day  medium  tanks  against  3.  5-in.  rockets 
r  equivaient  shaped  charges  with  approximately  a 
4%  increase  In  weight  of  the  tank.  J 
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Ballistic  Research  Laboratories,  Aberdeen  Frovinr 
Ground.  u 

WIND  TUNNEL  JESTS  ON  THE  BUDD  COMPANY 
T153  12b- MM.  HEAT  SPIKE  NOSE,  FOLDING- 
FIN  PROJECTILE,  by  R.  H.  Krieger  and 
J.  M.  Hughes.  Oct.  1953,  83p.  lncl.  illus. 
tables,  diagrs.  (ProJ.  no.  TB3-1S3S  AP 
BRL  Memo.  rept.  no.  733)  AD-28  480 

Confidential 


Wind  tunnel  tests  were  performed  on  a  34  (JI 
scale  model  of  the  Budd  Co.  TI53  UQ-com.  HEAT 
folding  fin,  spike  nose  projectile  at  M  =  1.72f 
3.  20.  and  3.78  at  the  Aberdeen  Proving  Ground. 
The  design  of  the  model  allowed  the  sweep  angle 
of  the  folding  fin  to  be  varied  during  the  tests. 
Measurements  of  pitching  moment  were  made: 
from  these  norma'  force  and  c.p.  positions  were 
calculated.  Drag  forces  were  also  determined. 

The  test  results  appear  as  aerodynamic  coef¬ 
ficients.  (BRL  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Provine 
Ground. 

PROGRAM  FOR  THE  SYMPOSIA  ON  SHAPED 
CHARGES  AND  IMPROVED  SIIOULDER-FIRED 
ANTITANK  WEAPONS  HELD  7-11  DEC  1953 
AT  THE  BALLISTIC  RESEARCH  LABORATORIES 
ABERDEEN  PROVING  GROUND,  MD.  [Dec.  1953, 
”Cp*J  Confidential  ’ 


ually  increases  to  the  desired  frequency.  How-' 
ever,  for  random  pulses  the  accuracy  of  definition 
of  the  time  Interval  depends  on  the  pulse  width. 

The  streak  camera  produces  electrical  pulses 
which  are  synchronized  with  a  given  position  of  the- 
mirror  by  means  of  a  magnetic  pick-up  at  the  rate 
of  1  pulse/ revolution.  Four  of  these  pulses  are 
used  to  initiate  the  event,  and  measure  the  period 
of  revolution.  The  first  pulse  is  delayed  by  means 
of  2  uni-vibrators.  The  delayed  pulse  and  the 
second  pulse  arc  fed  to  a  coincidence  circuit.  At 
coincidence  a  keying  circuit  is  closed  to  allow  the 
remaining  pulses,  after  being  suitably  shaped,  to 
pass  through  the  circuit.  The  third  pulse  initiates 
the  event  and  also  starts  the  chronograph.  The 
fourth  pulse  stops  the  chronograph.  The  circuit 
was  designed  to  operate  in  the  range  of  time  In¬ 
tervals  from  1 D00  to  3000  psec.  Fur  a  given  dial 
setting,  tho  time  interval  will  vary,  on  the  average 
by  approximately  +  0. 2%.  (BRL  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  L  INTRODUCTION,  by  E.  M.  Pugh 
[May  1054),  p.  1-17  22  rels.  (Proj.  no. 
TB3-0I34,  BRL  rept.  no.  905)  (In  its  Critical 
Review  of  Shaped  Charge  Information,  May  1954 
Confidential,  AD-4B311)  Confidential 


Forty-one  abstracts  of  papers  presented  at  the 
symposia  are  given.  At  the  Shaped  Charge  Sym¬ 
posium,  sessions  were  held  on  weapons  (non- 
snoulder  fired),  defense  against  shaped  charges, 
fundamentals,  rotation,  and  lethality.  Presenta¬ 
tions  given  at  the  Improved  Shoulder- Fired  Anti¬ 
tank  Weapons  Symposium  Included  foreign  shaoed 
charge  weapons  development  (e.  g.  Heller,  3.  5-in. 
Chinese  Bazooka,  and  the  Belgian  83-mm.  HEAT 
Encgra  grenade)  and  current  studies  in  shaped 
charge  research  with  implications  for  shoulder- 
fired  weapons. 


The  history  of  shaped  charge  research  is  briefly 
described.  Unlined  charges,  early  use  ol  liners 
coordination  and  expansion  of  US  research,  in¬ 
fluence  of  foreign  developments,  emergence  of 
shaped  charge  theories  in  1943,  jet  formation, 
and  non-steady  Jet  formation  are  considered. 
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Ballistic  Research  Laboratories,  Aberdeen  Provinf 
Ground.  1 

A  GATING  CIRCUIT  FOR  SYNCHRONIZING  TE 
INITIATION  OF  EXPLOSIVES  WITH  A  PRE¬ 
DETERMINED  WHITING  SPEED  OF  A  ROTAT- 
RIG  MIRROR  CAMERA,  by  J.  B.  Feldman,  Jr. 
Apr.  1954,  14p.  tncL  diagre.  (Proj.  no. 
TB3-0112K,  BRL  Memo.  rept.  no.  786) 

Unclassific 


The  circujt  described  was  designed  to  synchronize 
the  Initiation  of  high  explosives  with  a  predeter¬ 
mined  angular  frequency  of  the  rotating  mirror  ol 
a  streak  camera.  The  circuit  input  uses  3-v, 
pulses  with  a  short  rise  lime.  In  this  application 
tne  width  of  the  pulses  need  not  be  specified  since 
the  angular  frequency  begins  with  zero  and  grad- 


Ballistlc  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  H.  STATUS  OF  THEORY,  by 
G.  Birkhoff  and  L.  H.  Thomas.  [May  19541, 
p.  18-44  foci,  illus.  diagrs.  90  refs.  (Proj!  no. 
TB3-0134,  BRL  rept.  no.  905)  (In  its  Critical 
Review  of  Shaped  Charge  Informaifon,  May  1954 
Confidential,  AD-48  311)  CorJ'dentikl 

discussing  shaped  charge  malnematical  theory, 

e  following  subjects  were  considered:  (1)  detona- 
-ion  wave;  (2)  jet  formation:  "zero- order"  theory 
(3)  jet-formation:  "first-order"  theory;  (4)  ap¬ 
plicability  ol  "first-order"  theory;  (5)  ultra-fast 
Jets;  (6)  jet  breakup;  (7)  similarity:  behavior  of 
similar  shaped  charge  rounds;  (8)  penetration: 
"zero-order"  theory;  (9)  penetration:  "first-order" 
theory;  (1C)  effect  of  rotatior;  (11)  spin  compensa¬ 
tion;  (12)  perturbation  methods;  (13)  numerical 
methods;  and  (14)  some  possible  problems. 
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Ballistic  Research  laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  HI.  LINER  PERFORMANCE,  by 
J.  E.  .Shaw.  [May  1354],  p.  45-102  lncl.  iUuB. 
tables,  diagrs.  29  refs.  (ProJ.  no.  TB3-Q134, 

BRL  rept.  no.  905)  (In  Us  Critical  Review  of 
Shaped  Charge  Information,  May  1954,  Confidential, 
AD-48  311)  Confidential 

The  following  subjects  are  discussed:  (!)  measurer: 
of  Finer  performance;  (2)  factors  affecting  liner 
performance;  (3)  methods  of  manufacture  (e.  g. , 
spinning,  drawing,  casting,  etc.);  (4)  desirable 
properties  of  a  liner;  (5)  experimental  results  of 
Inaccuracies  In  the  liner  (e.  g. ,  warping,  wall 
thickness  variations,  shallot?  grooves  etc.); 

(6)  tolerances;  (7)  the  effect  of  design  parameters 
on  penetration;  (8)  the  effect  of  liner  details  on 
penetration  (e.  g. ,  tapered  walls,  wires  and  other 
obstructions  within  the  cavity,  flanges,  etc.';  and 
(9) jet  velocities. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  IV.  THE  UNFUZED  WARHEAD,  by 
H.  Winn.  [May  1954],  p.  103-118  Incl.  tables, 
diagrs.  SB  refs.  (ProJ.  no.  TB3-0134,  BRL  rept. 
no.  005)  Critical  Review  of  ShapedCharge 

Information,  May  1954,  Confidential,  AD-48  311) 

Confidential 

In  tracing  the  development  of  a  typical  shaped 
charge  warhead,  the  following  subjects  were 
discussed:  (1)  selection  of  weapon  type  and  size; 
(2)  consideration  of  liner  parameters;  (3)  as¬ 
sembly  of  the  liner;  (4)  boostering  of  the  charge; 
(5)  confinement;  and  (6)  internal  ogive  shape. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  V.  THE  EXPLOSIVE  COMPONENT 
OF  SHAPED  CHARGES,  by  A.  D.  Solem  and 
W.  T.  August.  [May  1054],  p.  119-138  lncl. 
table,  dlagr.  27  refs.  (Pro),  no.  TB3-0134, 

BRL  rept.  no.  905)  (In  its  Critical  Review  of 
Shaped  Charge  Information,  flay  1954,  Con¬ 
fidential,  AD-48  311)  Confidential 

Since  the  shaued  charge  effect  depends  upon  the 
pressure  Impulse  of  a  detonated  explosive  to  ac¬ 
celerate  the  liner  walls  in  the  collapse  process, 
ihe  following  subjects  are  discussed:  (1)  detonation 
theory;  (2)  effect  of  different  type  of  explosives; 

(3)  explosive  distribution  and  initiation;  (4)  charge 
preparation;  and  (5)  charge  imperfections. 
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Ball  jet  1c  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  VI.  FUZES  TOR  SHAPED  CHARGE 
MISSILES,  by  J.  Rablncw  and  W.  Piper.  fMay 
1954],  p.  139-170  lncl.  Ulus,  diagrs.  (Pro), 
no.  TB3-0134,  BRL  rcpl.  no.  305)  (In  its  Critical 
Review  of  Shaped  Charge  Information,  May  1954 
Confidential,  AD-42  311)  Confidential 

Contact  fuzes  lor  doped  charge  projectiles  aro 
considered.  The  following  subjects  are  discussed: 
(1)  general  requirements:  (2)  electrical  fuzing; 

(3)  arming  systems;  (4)  specific  fuzes  (e.  g.  fiiza' 
T2DB,  fuze  M404,  etc.);  (5)  BaTlOg  piezoelectric 
fuze;  (6)  fields  for  future  work  (e.ga,  fuzes  with 
long  standoffs,  detonation  research,  production 
engineering  of  fuzes,  eic. ;  and  (J)  Energa  rifle 
grenade  fuzing. 

L370g 


Ballistic  Research  ’Laboratories,  Aberdeen  Proving 
Ground.  ^ 

CHAPTER  VTL  THE  EFFECT  OF  ROTATION 
UPON  SHAPED  JETS,  by  L.  Zernow.  [May  10541 
p.  177-209  incL  illua.  diagrs.  26  refs.  (ProJ. 
no.  TB3-0134,  BRL  rept.  no.  905)  (tn  its  Critical 
Review  of  Shaped  Charge  Information,  May  1954, 
Confidential,  AD-48  311)  Confidential 

In  this  study  on  the  effect  of  rotation,  the  following 
subjects  were  considered:  (1)  rotation  theory; 

(2)  scaling  under  rotation;  (3)  effect  of  liner  angle 
upon  penetration  under  rotation;  (4)  effect  of  liner 
thickness  on  penetration  under  rotation;  (5)  affect 
of  st?ndoff  upon  penetration  under  rotation;  (0)  ef¬ 
fect  of  liner  material  upon  penetration  under  rota¬ 
tion;  and  (7)  effect  of  liner  shape  upon  penetration 
under  rotation. 
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Ballistic  Research  Laboratories,  Aberdeen  Provinjr 
Ground. 

.APPENDIX  [TO  CHAPTER  VHl.  DERIVATION 
OF  THE  EXPRESSION  FOR  uD  IN  TERMS  OF 
CHARGE  PARAMETERS,  by  F.  P.  Bel*“L 
[May  1054],  p.  210-213  (ProJ.  no.  TB3-0134, 
BRL  rept.  no.  905)  (In  its  Critical  Review  of 
Shaped  Charge  Information,  May  1954 
Confidential,  AD-43  311)  Confidential 

An  expression  for  the  effect  ol  rotation  upon  pene¬ 
tration  of  a  conical  liner  is  derived.  Only  ele¬ 
mental  rings  on  the  liner  axe  considered  since 
a  nen-steady  collapse  theory  fs  required;  In 
addition,  the  liner  wall  Is  assumed  to  be  thin. 

ThlH  gives 


Vi 7Z2/U(p 

where  w0=  Vjdsin^pyi, 

^5 - -  j  P®  element 
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ol  penetration  due  to  the  ring  element  sduo  at 
angular  velocity  <j;  Po  =  penetration  for'u=o; 

<u= angular  velocity  of  uncollapsed  cone;  Vj  =  Jet 
velocity  of  Jet  element  arising  from  ring  undet 
consideration ;/5=  collapse  angle  of  cone;  R  = 
radius  of  uncollapsed  ring;  and  S  =  standoff  for  the 
ring  element. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  vm.  SPIN'  COMPENSATION,  by 
R.  J.  Eichelberger.  [May  1954],  p.  215-253  incl. 
Illus.  dlagrs.  29  refs.  (TB3-QL34,  BR1.  rept 
no.  905}  (In  its  Critical  Review  of  3hanetf  Charge 
Information,  May  1954,  Confidential,  AD-48  311) 

Confidential 

The  use  of  fluted  liners  as  a  means  or  compen¬ 
sating  for  (he  initial  spin  of  a  shaped  charge  and 
Its  liner  is  presented.  The  following  subjecto 
are  discussed:  (1)  mechanism  of  spin  compensa¬ 
tion  by  fluted  liners:  (2)  experimental  resultBWith 
fluted  liners;  (3>  variability  ia  performance  of 
fluted  liners  and  tolerances  required;  (4)  methods 
of  fluted  liner  manufacture;  and  (5)  miscellaneous 
observations  pertinent  to  fluted  liners.  In  addi¬ 
tion,  other  means  of  eliminating  the  spin  of  pro¬ 
jectiles,  1.  e. ,  using  vanes  or  peripheral  Jet 
engines,  mounting  the  charge  lu  bearings,  or 
employing  fin-stabilization,  are  briefly  considered. 
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Ballistic. Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  IX.  DEFEAT  OF  SHAPED  CHARGE 
WEAPONS,  by  R.  von  Heine-  Gcldem.  [May  19541, 
p.  255-288  Incl.  Illus.  dlagrs.  25  refs. 

(TB3-0134,  BRL  rept.  no.  905)  (In  its  Critical 
Review  of  Shaped  Charge  Information,  May  1954, 
Confidential,  AD-48  311)  Confidential 

01  all  possible  means  of  defeating  shaped  charges, 
the  most  promising  consists  of  a  combination  of 
glass  and  steel  armor.  Glass,  in  the  form  of 
plates,  blocks,  or  large  balls,  may  be  used  with  a 
suitable  shock-absorbing  material.  This  means  ol 
protection  has  the  advantage  of  low  density  and 
hence  over-all  weight;  in  addition,  the  abnormal 
stopping  power  of  glass,  which  Is  not  approached  by 
any  other  method  of  passive  defense,  is  utilized. 

Ti  displays  thi3  abnormal  stepping  power  to  a  much 
smaller  extent.  Recent  results  suggest  that  ex¬ 
plosive  pellets  or  linear  shaped  charges  provide 
a  very  high  degree  of  protection  under  certain 
circumstances;  however,  these  last  2  methods 
are  not  developed  to  the  point  of  practicability. 

(BRL  abstract) 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

CHAPTER  X.  TERMINAL  BALLISTICS  EF¬ 
FECTIVENESS  OF  SHAPED  CHARGES.  AGAINST 
TANKS,  by  F.  L  Hill.  [May  1954],  p.  209-278 
incl.  tables,  diagrs.  28  rels.  (ProJ.  no. 
TB3-0134,  BRL  rept.  no.  985)  (In  its  Critical 
Review  of  Shaped  Charge  Information,  May  1954,  ‘ 
Confidential,  AD-48  311)  Confidential 

Tabular  data  arc  given  for:  (I)  a  summary  of 
shaped  charge  firings  on  T26E4  and  T26E5  lanks; 
(2)  3.5-in.  (MSS)  vs.  M26tank;  (3)  HEAT  2.36-In. 
and  3.5-in.  firings  against  80  octane  gasoline; 
(4)2. 36-in.  (M6A6),  3.5-In.,  and  90 -mm. 
(T108E15)  rounds  against  diesel  fuel;  (5)  30-nun. 
(T10SE1)  vs.  ammunition;  (6)  performance  of 
Energa  grenade;  (7)  Engera  grenade  vs.  17  pdr. 
APCBC  ammunition;  (8)  witness  plate  firings  of 
statically  detonated  3. 5-in.  rockets  and  95-mm. 
HEAT  shells;  (9)  effectiveness  of  several  HEAT 
projectiles  in  penetrating  tank  armor;  (10)  hit 
probability  and  vulnerability  studies  of  Soviet 
J9  IH  and  T34/85  tanks;  (11)  vulnerable  area  of 
US  M26  tank  to  3.  5-in.  rocket;  (12)  hit  prob¬ 
ability  on  Soviet  armored  vehicles  JSU152  and 
SUIOO.  An.  evaluation  of  the  present  methods  of 
hit  probability  and  tank  vulnerability  is  briefly 
given. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

APPENDIX  I.  AMERICAN  HEAT  AMMUNITION. 
[May  1954],  p.  299-310  incl.  illus.  (FroJ.  no. 
TB3-0134,  BRL  rept.  no.  905)  (In  Its  Critical 
Review  of  Shaped  Charge  Information,  May  ljj&t. 
Confidential,  AD-48  311)  Confidential 

Rept.  and  firing  record  references  available  at 
Aberdeen  Proving  Ground  and  round  cha  ."acterlfi- 
tics  arc  given  for  the  following  American  HEAT 
ammunition:  (1)  cartridge,  HEAT,  T108,  90-mm.; 
(2)  grenade,  rifle,  HEAT,  M31(T37E4);  (3)  rocket, 
HEAT,  T230,  3.  5-ln. ;  (4)  grenade,  rifle,  HEAT, 
M28  (Encrga)T41;  (5)  shell,  HEAT,  M307A1, 
57-mm. ;  (6)  shell,  HEAT,  M310A1,  75-mm.;’ 

(7)  rocket,  HEAT,  M28{T0OE2);  (8)  rocket,  HEAT, 
T205,  3.  5-in.;  (9)  recket,  FFAR,  T2016,  2.75-In.; 
(10)  shell,  HEAT,  MS7,  105-ram.;  (11)  shell, 

HEAT,  M324(T43),  lOS-mm.;  (12)  shell,  HEAT, 
M344(T119E11),  106-mm. ;  and  (13)  shell,  HEAT, 
M66,  75-mm.  Specific  penetration  data  are  not 
given  lor  the  ammunition  described. 
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Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

APPENDIX  If.  FOREIGN  TYPES  OF  AMMUNI¬ 
TION  (SOVIET).  [May  1954],  p.  311-317  incl. 
diagrs.  (Proj.  no.  TB3-0134,  BRL  rent.  no.  905) 
(In  Its Critical  Review  of  Shaped  Charge  Lnforma- 
tion,  May  1954,  Confidential,  AD-48  311) 

Confidential 
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Brlel  descriptions  and  rept.  no.  referencea 
available  at  Aberdeen  Proving  Ground  an  the 
following  Soviet  shaped  charge  amrminithnr  arc 
given:  (1)  Soviet  HEAT  projectile  lor  12-mm. 
howitzer,  Mod.  3B;  (2)  Soviet. HEAT  projectile  for 
76. 2-mm.  regimental  gen,  Mod.  27;  (3)  hollow 
charge  shell,  7.  5-cm,  GE  30;  (4)  Soviet  grenade, 
hand,  HEAT,  Mod.  RPG0;  and  (5)  Soviet  grenade, 
hand, -AT,  Mod.  1943.  RPG43.  In  addition,  4 
Intelligence  repts.  on  Soviet  HEAT  ammunition 
are  Included. 


L370n 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

APPENDIX  IH.  FOREIGN  (MISCELLANEOUS). 
[May  19541,  p.  319-323  ir.cl.  dlagrs.  (Proj.  no. 
TB3-Q134,  BRL  rept.  no.  905)  (In  its  Critical 
Review  ol  Shaped  Charge  Information,  May  1954, 
Confidential,  AD-40  3U)  Confidential 

Brlel  descriptions  and  rept.  no.  and  firing  record 
relerences  available  at  Aberdeen  Proving  Ground 
are  given  for  the  following  shaped  charge  weapons: 
(1)  Heller;  (2)  8-cm.  Oerltkon  (Swiss)  aircraft 
rocket;  (3)  Panzerschreck;  and  (4)  Panzeifaust. 


L370o 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

APPENDIX  IV.  SOVIET  ARMOR.  [May  1354], 
p.  325-328  incl.  diagrs.  (Pro),  no.  TB3-0134, 
BRL  rept.  no.  905)  (In  its  Critical  Review  of 
Shaped  Cnarge  Information,  May  1954,  Con¬ 
fidential,  AD-40  311)  Confidential 

Diagrams  of  the  Soviet  tanks  JS  HI  and  T34/85  and 
the  seif-propelled  Soviet  gun,  liie  SU1Q0  are  given. 


L371 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground. 

STATUS  OF  EXPLOSIVE  ARMOR  STUDIES,  by 
J.  P.  Sharley  and  A.  C.  Doskocll,  Jr.  June 
1954,  23p,  lncl.  tables,  dlagrs.  (Proj.  no. 
TB3-1224B,  BRL  Memo.  rept.  no.  007) 

Confidential 

Explosive  ar  mor  was  evaluated  as  a  defense 
mechanism  against  du  Pont  jet  tappers  and  3. 5-in. 
rocket  heads.  The  reduction  in  jet  penetration  by 
unconfined  explosives  was  primarily  dependent 
on  the  height  and  diameter  oi  the  explosives 
rather  than  on  their  weight.  In  the  case  of  con¬ 
fined  explosives,  the  reduction  in  Jet  penetration 
was  almost  constant,  being  independent  of  explo¬ 
sive  weight.  Results  indicated  that  preinitiation 
oi  the  explosive  armor  gave  less  protection  against 
shaped  charges  than  when  the  explosive  armor 
was  initiated  by  the  shaped  charge  jet  Itself. 


1372 

[Ballistics  and  Munitions  Development,  Army 
Ordnance  Office,  Wa  A] 

7  5-CM.  GR.  3fl  HL/C.  Oct.  23,  1942,  lp. 
diagr.  (Rept.  no.  1745/42  g.  Kdos.  Wa  Priif 
1  rv/2b;  OTIB  rept.  no.  1240,  AOO-8  -  la  German) 

Unclassified 

The  grenade  penetrated  D5  to  109  mm.  of  armor  at 
60°  ar.d  75  to  00  mm.  of  armor  at  451'.  Its 
conical  liner  was  made  of  a  Zn  alloy  and  its  ex¬ 
plosive  charge  of  60/40  H5/Fp  was  activated  by 
an  AZ  38  fuze. 

1373 

Ballistlsches  Ir.stitui  der  Luftiiiegsatademfo, 
Berlln-Gatow. 

REPORT  ON  THE  INVESTIGATION  OF  THE 
PENETRATION  EFFECT  OF  HOLLOW  CHARGE 
EXPLOSIVES  ON  ARMOR  PLATES  (Bericht 
uber  die  Untersuchung  der  Durchschlagswirkung 
von  Sprengstoffhohlkdrpem  auf  Panzerplatten), 
bo  C-.  Hensel.  June  1940,  35p.  lllus.  (Rept.  no. 
ZWB/LKA/6/40  -  In  German;  AMC  Desk  Catalog 
no.  962  1304B  6)  Unclassified 

Basic  investigations  to  develop  the  highest  pos¬ 
sible  penetration  of  steel  with  shaped  charges  arc 
described.  Apex  angle  and  the  "U"  shape  arc 
emphasized.  Experiments  with  halved  liners  of 
various  shapes  are  reported  and  Illustrated  with 
excellent  photographs. 


1374 

[Ballistlsches  bistitut  der  Luftkriegsakademle, 
Berlin-Gatow], 

RESULTS  OF  BLASTING  TESTS  WITH  HOLLOW 
CHARGES  WITH  AND  WITHOUT  LINERS.  1941. 
(Trans,  as  OTIB  rept.  no.  1470,  4p.  lllus. 
diagrs.)  Restricted 

Results  are  reported  of  tests  with  unllned  charges, 
charges  with  Fe  liners  at  0  standoff,  and  charges 
with  Fe  liners  at  2/3D  -  3/2D  standoff. 


1375 

Ballistlsches  Instltut  der  Lultskrlegsakademle, 
Berlin- Gatov;. 

THE  APPLICATION  OF  THE  X-RAY  FLASH 
RADIOGRAPHY  METHOD  IN  THE  INVESTIGA¬ 
TION  OF  THE  HOLLOW  CHARGE  PROBLEM 
(Die  Verwendung  der  Rcntgenblltzmethode  bel 
der  Untersuchung  des  HohLkbrperproblems),  by 
G.  Thomer.  July  3,  1941,  Bp.  Incl.  lllus.  (Rept. 
no.  5/41;  OTIB  rept.  no.  1627  -  In  German) 

Restricted 

A  flash  radiographic  technique  employing  a  dis¬ 
charge  duration  of  10-1  Eec.  is  reported.  The 
"  apparafus  is  described  and  radiographs  of  a  col¬ 
lapsing  hemispherical  liner  are  reproduced. 
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Ballistisches  Institut  der  Lullkriegsakademle 
Berlin-Gatow. 

INVESTIGATION  OF  THE  HOLLOW  CHARGE 
PROBLEM  BY  MEANS  OF  THE  X-RAY  FLASH 
RADIOGRAPHY  METHOD  (Untersuchung  des 
Hohlkdrperproblems  rait  Hllfe  der  Rontgenblitx- 
methode),  by  G.  Thomer.  Nov.  20,  1941,  I0p. 
incl.  lH-s.  (Rept.  no.  9/41;  OT1B  rept.  no.  1028- 
In  German).  Restricted 

Hash  radiographic  apparatus  and  radiographic 
technique  lor  studying  shaped  charges  are  re¬ 
ported.  Radiographs  ol  the  collapse  of  hemispheri¬ 
cal  liners  are  included. 


Ballistisches  rnstilul  uer  Luftkrlegsakademle 
Ecrlin-Gatow. 

INCANDESCENCE  AND  TEMPERATURE  DURING 
THE  DETONATION  OF  IRON  LINED  HOLLOW 
CHARGES  (Cber  Leuchterscheinung  und  Tem- 
peratur  der  bei  der  Sprengung  clues  H-Kdrpers 
mit  elseneinlage  herausfliegendon  Einlage),  by 
L.  Hdtgrcvea.  June  1,  1942,  37p.  incl.  Ulus, 
dlngrs.  (Rept.  no.  16/42;  Trans,  as  OTIB  rept. 
no.  1472,  15p.).  Restricted 

Discussions  are  reported  on  the  type  and  cause  of 
the  luminous  trace  by:  (1)  a  comparison  of  photo¬ 
graphs  ol  detonations  in  air  and  N;  (2)  spectro¬ 
scopic  examination;  (3)  temperature  measure¬ 
ments;  and  (4)  evaluation  ol  spectral  photographs. 
An  appendix  is  included  on  incandescence  of  gas 
clouds  and  the  possibility  of  determining  their 
temperature. 


Ballistisches  Instilut  der  Lultskriegsakademle 
Berlin- Gntow.  * 

ELASTING  EXPERIMENTS  WITH  VARIED 
HOLLOW  CHARGES  (Sprengvcrsuche  mit  varl- 
ierten  Hl-Korpern),  by  Weigel.  June  12,  1943, 
[I4]p.  inch  diagrs.  (Rept.  no.  792/43,  g.ICdos. 
Wa  Priif  1  IV/2b;  OTIB  rept.  no.  1249,  AOO-2  - 
In  German)  Unclassified 

The  charge  is  formally  divided  Into  2  portions- 
the  solid  "base’  and  the  hollow  "crown".  The 
shape  of  each  is  varied  independently  of  the  other. 
Tne  depth  ol  penetration  is  first  investigated  as  a 
function  of  standoff  of  the  crown  and  of  the  shape 
of  Its  outer  surface  (the  inner  surface  is  kept 
conical  with  a  body  angle  of  37°).  The  first  func¬ 
tion  shows  several  maxima  and  minima,  the 
second  proves  that  maximum  efficiency  requires 
cylindrical  outer  surface.  The  bases  are  investi¬ 
gated  at  various  shapes  (truncated  cones  of  dif¬ 
ferent  heights  and  slants)  with  different  crowns 
with  and  without  tamping.  It  is  shown  that  tampW 
Increases  the  penetratfon  and  lowers  the  depend¬ 
ence  upon  the  height  of  the  base.  The  optimum 
height  is  obtained  empirically  for  nonspinning  . 
projectiles  by  multiplying  the  maximum  diameter 
of  the  explosive  charge  by  2. 17  to  2.  50  (APG 
abstract) 


Ballistisches  Instltut  der  Technischen  Akademie  der 
Luftwaffe,  Berlin- Gaiow. 

SPECTROSCOPIC  INVESTIGATIONS  AND 
TEMPERATURE  MEASUREMENTS  ON  DETONAT¬ 
ING  CONE  SHAPED  HOLLOW  CHARGES  (Spek- 
troskopische  Untersuchungen  und  Teraperaturmed- 
sur.gen  an  detonierenden.  kegellormigen  H-Kor- 
perr),  by  Burkhard:  ar.d  others.  Feb.  23,  1B43, 

9p.  incl.  ilium  (Rept.  no.  4/43;  OTIB  rept. 
no.  2788,  9p.  inch  ilias.  -  In  German;  Trana.  ac. 
OTIB  rept.  no.  I486,  5p.  Ulus.)  Translated  cover 
sheet  incorrectly  dated  2/2/43.  Restricted 

By  a  study  of  microflash  photographs  e.f  the  spec¬ 
tra  of  jets  from  lined  and  uniined  charges,  con¬ 
clusions  are  drawn  as  to  their  compositions  and 
the  part  played  by  the  liner  in  the  luminescence  of 
the  jet.  The  temperature  prevailing  hi  the  jet  was 
“°lcrD,I”n_ed  from  the  spectra  to  be  approximately 
•'000  K  for  an  unlined  charge  and  somewhat  higher 
for  a  lined  charge.  The  temperature  la  lower  for 
conical  than  for  hemispherical  units.  (Abstract 
laken  from  OTIB  rept.  1486) 


[Ballistisches  Instltut  der  Technischen  Akademlo  der 
Luftwaffe,  Berlin-Gatow] . 

TEST  OF  THE  HOLLOW  CHARGE  EFFECT. 
RESULTS  OF  BLASTING  WITH  A  NEW  HOL¬ 
LOW  SPACE  SHAPE  ("HELMUT  SHAPE") 

Mar.  1943.  ([Rept.  no.  S/43];  Trans,  as  OTIB 
rept.  no.  1479,  Sp.  diagrs.)  Unclassified 

Tests  were  made  with  a  shaped  charge  consisting 
of  a  ccne  placed  on  top  cf  a  hemisphere.  The 
intended  effect  (combining  large  depth  effect  with 
the  production  of  open  cylindrical  holes)  was 
achieved  when  proper  dimensions  were  selected. 
The  most  favorable  thicknesses  of  the  liners  were 
much  thinner  than  for  tic  separate  cone  or 
hemisphere. 


Ballistisches  Instltut  der  Technischen  Akademie  der 
Luftwaffe,  Bcrlin-Galow. 

RECENT  STUDIES  MADE  rN  THE  FIELD  OF 
HOLLOW  CHARGES,  by  H.  Schardin.  June  1943 
(Rept.  no.  G/43;  Lecture  given  by  Prof.  Schardin" 
at  the  meeting  for  the  exchange  of  information  on 
hoHow  charges"  an  Feb.  9,  1943)  (Trans,  as 
OTIB  rept.  r.o.  1480,  15p.  illus.  diagrs.;  Also 
trans.  in  OTIB  rept.  no.  U46A,  1945;  And  also 
trans.  in  rept.  no.  BIOS.  Gp.  2/HEC  2576,  p.  6-31 
illus.  diagrs.)  Restricted' 

Experiments  carried  out  at  the  Ballistic  Institute 
are  reported  and  discussed.  The  topics  are: 
liners  of  miscellaneous  shapes,  jets  studied"  by 
rneans  of  flash,  Kerr-cell,  and  spectroscopic 
photography,  the  effects  of  rotation,  experiments 
with  conical  liners,  and  jet  formation.  It  was  con¬ 
cluded  that  a  helmet-shaped  liner  would  combine 
the  advantages  of  the  conical  and  hemispherical 
liner;  tests  proved  this. 
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[Ballistisches  Institut  der  Technischen  Akademie  der 
Luilr.’affe,  Berlln-Gatow], 

MULTIPLE  SPARK  PHOTOGRAPHS  OF  HOLLOW 
CHARGE  PROJECTILES  UNDER  f STATIC]  AMD 
ACTUAL  FIRING  CONDITIONS,  by  Funfer. 

June  26,  1943.  (Rept.  no.  12/03;  Trans,  as 
OTIB  repl.  no.  1481,  33p.  incl.  illus.  diagrs.) 

Restricted. 

A  6.  G-cot.  shaped  charge  armor-pierclngshell 
was  used  to  Investigate  Kerr  cell  pictures  of  static 
detonations  and  detonations  under  actual  firing 
conditions,  and  to  measure  the  period  of  the  fuze 
delay. 

L383 

[Dallistischen  Institut  der  Technischen  Akademie  der 
Luftwaffe,  Berlin- Gatcw]. 

EFFECT  CF  SPIN  CN  PENETRATION  OF  HOL¬ 
LOW  CHARGE  PROJECTILES.  Nov.  2,  1943. 
([Rept.  no.  11/43];  Trans,  as  OTIB  rept.  no.  147S, 
7p.  lllus.  diagrs.)  Restricted 

Results  of  static  and  dynamic  firing  tests  to 
demonstrate  the  effect  of  rotation  are  shown. 
Ellipsoidal,  conical,  and  hemispherical  liners 
were  used;  the  first  2  were  dependent  on  rotation; 
the  last  was  less  affected. 

L384 

[Ballistisches  InstUut  der  Technischen  Akademie  der 
Luftwaffe,  Berlln-Gatow]. 

X-RAY  FLASH  PHOTOGRAPHS  OF  HOLLOW 
CHARGES.  1944.  ([Rept.  no.  13/44];  Trans, 
as  OTIB  rept.  no.  1478,  7p.  lllus.  dlagrs.) 

Restricted 

A  method  of  measuring  detonation  velocity  la 
described  which  must  satisfy  these  conditions: 
any  desired  phase  of  the  detonation  process  must 
be  caught,  and  the  paih  of  the  shaped  charge  liner 
and  the  time  elapsed  must  be  capable  of  being 
measured  with  the  greatest  possible  accuracy. 

L3G5 

Ballistisches  Institut  der  Technischen  Akademie  der 
Luftwaffe,  Ber'In-Gatow. 

AN  EXAMINATION  OF  THE  INFLUENCE  OF 
EXPLOSIVES  ON  HOLLOW  CHARGE  EFFECT 
(Bcitrag  zur  Untersuchung  sprengstolfseltlger 
Einfliisse  auf  die  Hohlraumwlrkung),  by  H.  Frei- 
wald.  Jan.  10,  1944,  lCp.  incl.  dlagrs.  (nept. 
no.  1/44;  Trans,  as  OTIB  rept.  no.  1473,  Op. 
diagrs.;  Also  traps,  as  OTIB  rept.  no.  2793) 

Restricted 

The  performance  uniformity  of  explosives  is 
investigated  in  an  effort  to  explain  the  differences 
in  hole  volume  from  the  same  size  of  charge. 
Artificial  cracks  and  cavities  were  made  in 
various  areas  of  explosive  charges  and  the  test 
results  are  Illustrated  by  graphs.  The  technique 
and  apparatus  lor  extraction  analysis  of  explosive 
compositions  are  described. 


L380 

Ballistisches  Instilut  dor  Technischen  Akademio  der 
Luftwaffe,  Berlin-Gatow. 

EXPERIMENTS  WITH  LONG  RANGE  MINES 
(Versuche  mit  Fernwirkungsminen).  Jan.  10,  1945, 
3p.  lllus.  tables,  diagrs.  (Rept.  no.  19/44; 

OTIB  rept.  no.  1243,  AOO-1-  In  German) 

Unclassified 

The  mine  is  based  on  the  idea  of  accelerating 
uniformity  every  point  of  the  liner  during  the  ex¬ 
plosion  and  to  project  in  in  1  piece.  The  function 
of  ihc  mine  depends  upon:  (a)  the  curvature  of  the 
concave  face;  fb>  the  outside  profile  of  the  charge; 

(c)  the  composition  and  thicknesB  of  the  liner; 

(d)  the  type  of  explosive.  Three  types  of  mines 
may  be  distinguished:  (1)  hyperbolic  steel  liner 
(1  piece);  (2)  steel  liner  with  embedded  explosive 
charge  designed  to  detonate  on  Impact;  (3)  shrapnel 
liner,  consisting  of  smaller  parts.  The  experi¬ 
ments  measured  the  armor  piercing  effect,  the 
velocity  of  the  liner,  the  eifect  of  the  explosive 
composition.  The  thickness  of  the  liner  was  of 
little,  in  any,  influence.  Photographs  of  the 
trajectory  indicate  wobbling  of  the  liner.  Type  2 
detonated  only  by  impact  on  very  solid  substances. 
Type  3  is  not  discussed.  (APG  abstract) 


L337 

Basset,  James  and  Jacques  Basset. 

INFLUENCE  OF  SURROUNDING  PRESSURE  ON 
THE  EFFECT  OF  HOLLOW  CHARGES  AND 
THE  COMBUSTION  OF  POWDERS  (Influence  dc 
la  pression  ambiance  sur  les  effei3  des  charges 
crcuses  et  la  combustion  des  poudres).  Comptes 
rendus  hebdomadaire  des  seances  de  l'acade'mie 
des  sciences,  v.  231,  Dec.  10,  1950:  1440-1442. 

The  disappearance  of  the  effect  of  a  hollow  charge 
rotating  about  its  axis  is  attributed  to  the  pres¬ 
sure  produced  by  centrifugal  force.  Acceleration 
oi  the  charge  has  the  same  eifect.  The  action  of 
pressure  on  the  velocity  of  combustion  of  powders 
is  also  discussed.  The  velocity  of  combustion  as  a 
function  of  pressure  is  represented  by  a  linear 
function  of  the  type  V  =  a  +  bP. 


L38D 

Battelle  Memorial  Institute  (OEMsr-722). 

EXAMINATION  OF  ENEMY  MATERIEL  (OD-113) 
AC-77):  METALLURGICAL  EXAMINATION  OF 
A  GERMAN  75-MM.  HE  HOLLOW  CHARGE 
SHELL,  by  R.  M.  Evans  and  others.  Apr.  8,  1944, 
lOp.  incl.  illus.  tables.  (NDRC  research  pro). 
NRC-32,  progress  rept.  no.  48;  Serial  no.  M-248) 
(NDRC  Dir.  18)  OSRD  3538  Unclassified 

The  metallurgical  examination  did  not  uncover  any 
radical  differences  in  material  or  method  of 
manufacture  from  shells  of  the  same  type  previously 
examined. 
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L389  . 

Beauftragter  des  Reichsministers  fur  Bewaffcmng 
und  Munition,  BerLln. 

REPORT  ON  THE  FIRST  PLENARY  SESSION 
OF  THE  STUDY  GROUP  ON  HOLLOW  CHARGES 
ON  JAN.  17,  1941  IN  THE  ARMY  ORDNANCE 
OFFICE  (Bericht  iiber  die  erste  Vollsltzung  der 
Erlahrungsgemeinschaft  H:  -Ladung  am  17. 1.  1941 
1m  Heereswaifenamt),  bv  Becker.  Feb.  4,  1041, 
[4jp.  (OTIB  rept.  no.  1249,  Mis c.-3  -  Ih  German) 

Unclassified 

Lectures  on  the  following  subjects  are  sum¬ 
marized:  factors  which  affect  the  performance  ol 
a  shaped  charge;  effect  of  liner;  linearity;  and 
utilization  of  shaped  charges  by  the  Navy  and 
Air  Forces. 

L30O 

Beaultragier  des  Relchsminfsters  fiir  Bcwaffnung  und 
Munition,  Berlin. 

REPORT  OF  THE  MEETING  OF  THE  STUDY 
GROUP  ON  HOLLOW  CHARGES  ON  FEB.  27. 
1941  IN  THE  AIR  WARFARE  ACADEMY, 

GATOW  (Nlederschrlft  iiber  die  Sltzung  der 
Erfahrungsgemeinschaft  H  -  Ladung  am  27.  tt. 

1941  in  der  Luitkriegsakadenne  Gatow),  byBecker. 
Mar.  IB,  1941,  [20]p.  (OTIB  rept.  no.  1249, 
Mlsc.-3  -  In  German)  Unclassified 

Lectures  on  the  following  subjects  are  sum¬ 
marized;  the  utilization  of  the  shaped  charge  by 
the  Air  Force  (airborne  troops,  bombs  against 
warships  and  tanks,  etc.);  the  theory  of  the  shaped 
charge  effect  (multiple  reflection  of  the  detonation 
wave  at  armor  plate  and  gas  cloud  front);  the 
history  of  the  shaped  charge;  increasing  the  break- 
off  effect  [spalling]  on  the  reverse  side  of  an 
armor  plate  by  filling  the  air  space  of  the  shaped 
charge  with  Fe  cores;  and  the  performance  of  some 
shaped  charge  bombs.  (APG  abstract) 


L391 

Beauftragter  de3  Reicbministers  fur  Bewaffnung  und 
Munition,  Berlin. 

CONVENTION  OF  STUDY  GROUP  ON  HOLLOW 
CHARGES  IN  THE  NAVY  INSTITUTE  OF  CHEMI¬ 
CAL  AND  PHYSICAL  RESEARCH  OF  MAY  20, 
1941  IN  KIEL  (Tagung  uer  Erfahrungsgemeinschafl 
H-Ladungen  in  der  CPVA  [Chemisch  Physlkalische 
Versuchsanstall  der  Marine]  vom  29.  5.  1941  in 
Kiel),  by  Dbring.  July  9,  1941,  4p.  (Rept.  In 
[file]  no.  G.  1059-242;  Trans,  as  OTIB  rept. 
no.  1961  A,  2p.)  Restricted 

Research  at  the  CPVA  on  ihe  measurement  of 
underwater  detonations  b /  means  or  the  "pressure 
box"  (Druckdose)  and  the  "box  model"  is  described 
briefly  and  ih^  results  are  noted.  The  possibility 
of  fitting  an  AP  shell  with  a  shaped  charge  in 
commented  upon.  Prof.  Schardin  reported  on  3 
effects  of  large  hollow  charges  (size  and  type  not 
stated).  His  remarks  are  summarized. 


LSB2 

Beauftragter  des  Reichsministers  fiir  Bewaffnung 
and  Munition,  Berlin. 

REPORT  CN  THE  MEETING  OF  THE  STUDY 
GROUP  ON  HOLLOW  CHARGES  ON  JAN.  31, 

1942  (Protokoll  liber  die  Sitzung  der  Erfahrungs- 
gemc-Jnschaft  H-Ladungen  am  31.1. 1942),  by 
Dcfrirg.  Feb.  19,  1942,  [8]p.  (OTIB  rept. 
no.  1249,  Misc.-3  -  In  German)  Unclassified 

Lectures  on  the  following  subjects  aresummarlzed: 
the  design  of  (he  7.5-  and  10-cm.  armor  piercing 
shells  (liner,  fuze  design,  and  arrangement  within 
the  shell);  tests  with  slow  super  caliber  shells 
(stick  grenades,  rifle  grenades,  Polte  grenades); 
problems  arising  In  the  production  of  small  armor 
piercing  shells;  experiments  with  electric  fuzes; 
.X-ray  flash  photography;  and  the  difficulties  en¬ 
countered  in  the  fuze  design  for  last  Navy  shells. 
(APG  abstract) 

L393 

Beauftragter  des  llelchminlsters  fiir  Bewaffnung  und 
Munition,  Berlin. 

THE  CONFERENCE  ON  MAGNETIC  FUZES  IN 
HOLLOW  CHARGES  HELD  MAR.  9,  1942 
(Die  Sltzung  betreffend  Magnetzunder  bef  H- 
Geschossen  vom  9.  Miirz  1942).  Mar.  11,  1942, 
[2]p.  (Nr.  g.  Kdos.  115  -  242;  OTIB  rept 
no.  1248,  Mice. -4  -  In  German)  Unclassified 

Two  magnetic  fuze  designs  are  discussed.  One 
type  initiates  within  10-4  sec.  (excluding  primer). 
The  other  type  comes  In  2  forms,  the  H-shaped 
which  ignites  by  tearing  and  the  ring-shaped  which 
Ignites  by  breaking. 

L394 

BELGIAN  AT  WEAPONS.  Ordnance  Intelligence 
Summary,  v.  2,  serial  no.  6,  Mar.  15,  1951:  2-3. 

Secret 

Test  firings  of  various  Belgian  antitank  weapons 
were  made  In  Nov.  1950  at  Brasschaat- Polygon? 
artillery  range  in  Belgium  to  obtain  armor  pene¬ 
tration  data.  "Below  is  a  table  showing  armor 
penetration  for  the  different  weapons  as  fired  [at 
a  range  of  27. 3  yd]  In  the  tests  mentioned  above": 
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11. ai*. 

Plate  characteristics: 

I  Homogeneous  steel,  3. 9  in.  thick 
n  Homogeneous  steel,  1C.  1  in.  thick 
HI  Trapezoidal  X-sectlon,  top  3. 9  In.,  base 
9.85  in.  (material  not  specified) 
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IV  Plate  3. 14  In.  thick  (material  not  specified)  ■ 

Evidently  the  data  presented  here  represent 
equivalent  thicknesses  onry  and  not  actual  pene¬ 
tration  values,  unless  complete  penetrations  were 
obtained  In  all  cases. 


narrow  jet,  it  produced  a  symmetrical  umbrella 
shaped  jet  by  which  it  was  possible  to  obtain  an  es¬ 
sentially  flat  wave  front  80  ft.  In  diameter. 

L39D 
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Birkhoff,  G. ,  D.  P_  Macdougall,  E.  Id.  Puglr,  and- 
G.  Taylor. 

EXPLOSIVES  WITH  LINED  CAVITIES.  Journal  of 
Applied  Physics,  v.  19,  June  1948:  5G3-582. 

Alter  a  brief  historical  introduction  and  a  general 
review  of  the  basic  principles  of  lined  shaped 
charges,  a  mathematical  discussion  of  Jet  format 
tion  based  on  the  hydrodynamic  theory  Is  pre¬ 
sented.  The  theoretical  predictions  are  compared 
with  observation.  Penetration  by  constant  (luea- 
liaed)  jets  is  compared  with  penetration  by  variable 
(real)  jets,  and  a  theory  of  penetration  isdiscussed. 

L396 

BLASTING  Pi  QUARRIES.  Mine  and  Quarry  Engineer- 
lag,  v.  13,  Mar.  1949:  09-78. 

One  modern  development  of  the  use  of  plaster  or 
"lay  on"  charges  for  stone  breaking  is  the  applica¬ 
tion  of  the  shaped  charge.  It  consists  essentially 
of  a  molded  charge  of  high  explosive  having  a 
central  hemispherical,  conical  or  cylindrc  conical 
s..aped  cavity.  The  penetration  produced  was 
found  to  be  greater  than  when  orthodox  "lay  on”, 
charges  were  used.  Many  factors  have  to  be  taken 
into  account,  including  the  distance  of  the  charge 
from  the  surface  of  the  boulder,  or  standoff  dis¬ 
tance,  and  the  shape  of  the  cavity  tD  bo  used,  be¬ 
fore  success  is  obtained.  The  need  for  specially 
shaped  metal  containers  to  retain  the  correctly 
shaped  cavity  makes  the  method  very  expensive. 

L397 

Bomborn,  B. 

THE  NEW  GERMAN  DETONATOR  OF  SCHULZE 
(Die  neue  deutsche  Sprengkapsel  von  Schulze). 
Zelisclirift  fur  das  gesamte  Schiess-  und  Serenes  • 
toffwossen,  v.  16,  Dec.  1,  1921:  177-179. 

The  effectiveness  of  a  detonator  is  greater  when 
its  charge  is  denser  at  the  bottom  than  at  its  top. 

In  the  Schulze  detonator  this  is  accomplished  by 
pressing  the-  detonator  over  a  cone  shaped  die.  * 

L39B 

Boone,  A.  R. 

AERIAL  EXPLOSIONS  HELP  TO  FINE  HIDDEN 
OIL.  The  Explosives  Engineer,  v.  27  Jan  - 
Feb.  1949:  7-10,  27-28. 

An  account  of  seismic  exploration  is  given  In  which 
shaped  charges  were  fired  above  ground  to  produce 
a  flat  wave  front  over  a  large  area.  The  charge 
was  modified  so  that,  instead  of  producing  a  long 


British  Intelligence  Objectives  Subcommittee. 
DEVELOPMENT  OF  PANZERFAUST,  by 
A.  R.  F.  Martin  and  S.  A.  B.  Hltchins.  [1945], 
22p.  inch,  diagrs.  (BIOS  Final  rept.  no.  100) 

Restricted 

•% 

Interviews  with  Dr.  Heinrich  Langwciler  and 
Gen.  Maj.  Friedrich  Kittel  are  reported.  The 
development  of  the  Panzerfaust  frem  the  earliest 
to  the  latest  models  is  described  in  detail.  The 
Panzerfaust  ISO  (last  model)  employed. a  non 
shaped  charge  principle:  a  hemispherical  liner 
was  used,  and  a  paper  wad  Inserted  la  the  HE 
charge  just  forward  of  the  point  of  Initiation.  This 
was  thought  to  shape  the  detonation  W3re  so  that  it 
struck  the  liner  simultaneously  on  both  sides,  thus 
enhancing  the  performance  of  the  Jet.  Greater 
standoff  (1. 6  diameters)  was  achieved  by  a  new 
nose  cap  of  conical  shape.  A  fragmentation  sleeve 
was  produced  to  slip  over  the  head  of  the  pro¬ 
jectile  when  antipersonnel  effects  were  desired. 

By  firing  at  a  high  angle  of  elevation  with  the 
fragmentation  sleeve  fixed,  effective  air-bursto 
against  infantry  were  thought  possible.  It  was 
also  planned  to  use  the  weapon  in  the  same  way 
against  low-flying  aircraft.  Langweiler  attached 
great  importance  to  enhancing  the  incendiary  effect 
behind  the  target  as  the  best  way  to  increase  the 
Jet  efficiency.  The  effect  could  be  greatly  In¬ 
creased  by  incorporating  up  to  30J  of  powdered 
A1  into  the  HE  charge  without  impairing  per¬ 
formance.  [Following  sentence  not  clear],  "The 
most  effective  liner  material  apart  from  steel 
being  tungsten  carbide,  wc,  which  Langweiler 
claimed  gave  20  in.  better  penetration  than  steel. ” 
The  Panzerfaust  150  projectile  and  fuze  are 
illustrated. 
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British  Intelligence  Objectives  Subcommittee. 
DEVELOPMENT  OF  GERMAN  PANZERFAUST 
AND  OTHER  HOLLOW  CHARGE  WEAPONS,  by 
A.  R.  F.  Martin.  Aug.  23,  1945,  18p.  incl. 
dlagr,  (BIOS  Final  rept.  no.  99)  Restricted 

Interviews  are  reported  with  several  German 
scientists  and  industrial  engineers  who  were 
connected  with  the  development  arm  production  ol 
the  Panzerfaust  and  Panzerschreck.  Detrils  of 
performance  and  manufacture  of  these  weapons  are 
noted. 
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British  Intelligence  Objectives  Subcommittee. 
DEVELOPMENT  OF  HOLLOW  CHARGE  WORK 
BY  RHEINMETALL,  BORSIG,  BERLIN;  INTER¬ 
ROGATION  OF  DR.  OSCAR  HERRMANN  AT 
CEAD,  THE  GRANGE,  KNOCKKOLT,  NOV.  16TH 
1945,  by  H.  L.  Porter.  [Nov.  1945],  lGp.  incl.  ’ 
diagrs.  (310S  Final  rept.  no.  570)  Secret 
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The  Wiirfpanzer  gTenade,  the  follow-through  sholl, 
and  the  follow-through  bomb  are  described.  An 
interview  with  Dr.  Herrmann  on  the  influence  of 
the  shape,  size  and  material  of  the  liner,  alumi¬ 
nized  explosives,  and  Jet  formation  theory  lo 
reported. 

’MM 

British  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OP  DR.  HEINRICH  LANG- 
WEILER,  by  J.  V.  Woolcoclt.  Jan.  1040,  2p. 

(BIOS  Interrogation  rept.  no.  607)  Secret 

Henrich  Langweller,  head  of  the  Ammunition 
Research  and  Development  Section  of  Hugs 
Schneider  A. G. ,  was  questioned  concerning  the 
Panzerfaust,  the  3- cm.  combined  H5T  and  In¬ 
cendiary  high  capacity  shell,  and  the  Jagerfaust-- 
an  unusual  recollleos  weapon  firing  a  5-cm,  high 
capacity  shell.  The  Information  collected  was 
published  as  Armament  Design  Department  TechnL- 
cal  rept.  no.  2/43,  Sections  J,  L,  N,  and  Q. 

L40J 

British  Inlelligence  Objectives  Subcommittee. 

EXPLOSIVES  WORK  AND  ASSOCIATED  PHOTO- 
GRArHIC  TECHNIQUE,  by  C.  A.  Adams  and 
H.  L.  Porter.  Mar.  5,  1946,  15p.  in, cl.  illus. 

(BIOS  Final  rept.  no.  492)  Confidential 

Interviews  with  German  scientists  (chiefly 
Dr.  H.  Schardin)  are  reported;  topics  discussed 
include  high  explosive  damage  curves,  the  disc 
bomb  (Misznay-Schardln  effect),  reduction  of 
mass  of  bullet  in  gun,  shock  wave  behind  bullet, 

Schliercn  photography,  Kerr-cell  shutter,  inter¬ 
ferometer  for  photographing  shock  waves,  and 
theory  of  penetration  by  AP  shot. 

1404 

British  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OF  DIPL.  DIG.  E.A.  MAR- 
QUARD  BY  ADD,  D.  4i  P.  -  27TH  MAR.  1946. 

Sept.  5,  1940.  3p.  (BIOS  Interrogation  rept. 

no.  12B;  Inclosure  2  to  MA  London  rept. 

no.  R5132-46)  Confidential 

E.  A.  Marquard,  Chief  of  the  Technlsche  I^ift 
Rustung,  Dept.  E7,  during  the  period  1933-1944, 
was  questioned  concerning  fabrication  of  AP  bombs, 
securing  of  base  bungs,  nose-hardening  methods, 
general-bomb  development,  development  of  the 
SD2,  transverse  fuze  pockets,  water  roll-bomba, 
and  bombs  with  hemispherical  liners  made  of 
hexagonal  barB. 

L405 

British  Intelligence  Objectives  Subcommittee. 

EXPLOSIVE  WORK  AND  DISC  PRODUCTION. 

SECOND  VISIT  TO  LABORATORY  OF  THE 
PHYSICS  AND  BALLISTICS  INSTITUTE  AIR 
MINISTRY,  BERLIN,  GATOW,  by  H.  L.  Porter. 

Sept.  19,  1646,  lOp.  (BIOS  Final  rept.  no.  1062) 

Secret 

71 


The  discussion  with  Dr.  Schardin  [sic]  and  his. 
stall  covers  blast  measurements  from  explosive 
charges,  effect  of  reduced  air  pressure  (at  heights) 
on  shock  wave  from  explosive  charges,  X-ray 
photographs  of  detonation  in  solid  explosive 
material,  the  Mlsz'nay-Schardin  effect,  application 
of  the  dish  as  a  mine  and  for  attack  of  low-fiylng 
airplanes,  and  in  rockets,  and  a  description  of 
a  water  model  of  shaped  charge  jet  formation. 

L40C 

British  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OF  DR.  GUNTHER  SACHSE 
ON  19TH  AUG.  1947,  by  W.  M.  Evans.  [Aug. 
1947],  2p.  (BIOS  Interrogation  rept.  no.  672) 

Confidential 

Dr.  Gunther  Sachse  was  questioned  concerning 
his  work  on  shaped  charges  from  1937  to  1945. 

He  spoke  of  shapes,  liners,  and  penetration  in 
brief,  general  ternm. 


L407 

British  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OF  DR.  GUNTHER  SACHSE 
ON  21ST  AUG.  1947.  [Aug.  1947],  2p.  (B103 
Interrogation  rept.  no.  609:  Inclosure  1  to  MA 
London  rept.  no.  R5Q33-47)  Confidential 

Through  questioning,  it  was  found  that  Dr.  Sachse 
was  connected  with  work  carried  out  to  determine 
the  optimum  liner  angle,  charge  shape,  and 
liner  construction  related  lo  Jet  characteristics 
and  armor  penetration.  Sachse  described  the 
principles  of  2  high  speed  cameras. 

L403 

British  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OF  DR.  GUNTHER  SACHSE 
ON  26TH  AUG.  1947,  by  J.  U.  Woolcock.  Aug. 

27,  1947,  2p.  (BIOS  Interrogation  rept.  no.  606; 
Inclosure  1  to  MA  London  rept.  no.  R5834-47) 

Secret 

Dr.  Sachse  was  questioned  concerning  his  work 
with  shaped  charges.  Brief  general  remarks 
by  him  are  reported  under  the  Headings  of  pear 
shaped  liners,  follow-through  and  Incendiary 
eiiect,  rotation,  and  shaping  of  the  detonation 
wave  by  means  of  "lenses"  (barriers). 

L4Q9 

British  Intelligence  Objectives  Subcommittee. 

INTERROGATION  OF  DF..  GUNTHER  FRAUNS- 
FURTH  ON  1ST  AND  7TH  SEPT. ,  1948.  Oct. 

22,  1948,  3p.  lncl.  dlagra.  (BIOS  Interrogation 
rept.  no.  831;  Inclosure  1  to  MA  London  rept. 
no.  R7278-46)  TIP  S50124  Secret 

Dr.  Gunther  Braunsfurth  waB  Interrogated  con¬ 
cerning  shaped  chargee  and  tne  investigation  of 
detonation  waves  by  X-ray  photegirphy.  He  men- 
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tloned  investigations  that  -were  carried  out  on  the 
variation  of  the  material  and  thickness  of  liners. 
Steel,  Cu,  W,  and  A1  were  tried;  steel  was  found 
to  be  the  best  material.  Development  wa3  under¬ 
taken  to  shape  the  detonation  wave  by  inserting 
slabs  of  inert  material  Into  the  explosive  charge, 
or  by  using  a  lens  of  a  different  exploslvo. 

British  Intelligence  Objectives  Subcommittee. 
see  also  Combined  Intelligence  Objectives 
Subcommittee 
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projectile.  Computations  are  presented  for  the 
90-mm.  T316  HEAT  round  including  the  weight 
of  HE  charge,  weight  and  c.  g.  of  the  liner,  and 
stress  analysis  cf  the  Liner  and  its  components. 

L412 

Bureau  of  Mines. 

SHAPED  CHARGES  APPLIED  TO  MINING. 

PART  I.  DRILLING  HOLES  FOR  BLASTING, 
by  H.  C.  Draper  and  others.  Nor.  I94B,  12p. 
ill  us.  (Hept.  of  investigations  RI  4371)  TIP  U3321 

Unclassified 


Eudd  Co.  (DA30-O34-ORD-42). 

105-MM.  CARTRIDGE  T131  FIN-STABILIZED 
HEAT  FOR  105-MM.  M2A1  AND  T70  HOW¬ 
ITZER,  by  E.  A.  Zettlewoyer  and  G.  D.  Pagon. 

Final  repi.  .Tune  1952,  133p.  incl.  illus.  tableB, 
dlagrs.  (PrDj.  no.  TA1-1520)  Conlidentlal 

Work  was  undertaken  to  provide  ammunition  of 
maximum  armor  penetration  and  probability  of 
hitting  the  target,  for  use  in  the  105-mm.  how¬ 
itzer  M2A1  and  T79.  As  developed,  the  T131E3 
design  has  the  following  performance  characteristics: 
characteristics: 


shell  weight 

velocity: 

nressure: 

-verage probable 
error  (horizontal) 
at  1000  yd: 
average  probable 
error  (vertical)  at 
1000  yd: 

maxim,  penetration: 
maxim,  obliquity: 


24  lb. 

1750ft. /sec.  at  ambient  temp. 

20,  COO  lb. /sq.  In.  at  ambient  temp. 


0. 37  mil 


0.40  mil 

complete  penetration  of  7-In.  armor 
plate  inclined  60°  to  tho  vertical 
complete  penetration  of  5-ln.  armor 
plate  Inclined  75°  to  the  vertical 


Discussions  are  included  on  the  body,  conical 
liner,  boom,  tail,  cartridge  case,  fuze,  rotating 
ring,  etc.  Tests  showed  that  conical  liner 
tolerances  of  longitudinal  and  transverse  varia¬ 
tions  could  be  relieved  considerably  on  105-mra. 
conical  liners  without  an  appreciable  reduction  In 
penetration.  At  iirst  the  T209  spit-back  fuze 
was  specified  lor  the  T131  HEAT  projectile,  but 
the  front  end  of  the  round  was  redesigned  to  ac¬ 
commodate  tha  faster  acting  T208  electric  fuze. 


L4U 

Budd  Co.  (DA36-034-ORD-1362-RD). 

75-MM,  BO-MM,  110- MM.  [HEAT]  SHELLS. 
Engineering  progress  rept.  Aug.  1-31,  1953. 

108p.  incl.  tables,  dlagrs.  (ProJ.  nos.  TA1-1451- 
TA1-1464;  TA1-1281)  Confidential 

Detail  and  assembly  drawings  are  given  for  the 
75-mm.  HEAT  round  T221E12  and  for  the  SO-mm. 
-  HEAT  rounds  T316E10  and  T310E11.  Drawings 
of  the  conical  liner  assembly  ar.d  the  lube  liner 
extension  are  included  for  the  90-mm.  T31D 


Extensive  tests  were  made  to  determine  *be 
effectiveness  and  limitations  of  M3  (steel  liner) 
and  M2A3  (glass  liner)  charges  for  drilling 
blasting  holes  In  rock,  for  underground  mining 
operations.  It  was  concluded  that  the  meth-si  was 
impractical,  since  the  cost  of  i)  0.  CO/ft  of  Me  and 
spal.ing  was  20  times  that  of  producing  a  better 
hole  with  a  rock  drill.  The  concession  would  prohi¬ 
bit  use  of  this  method  In  many  mines,  and  the 
excess  produced  by  the  Pentoiite  explosive  mould 
be  an  additional  hazard  underground. 


L413 

Bureau  of  Ordnance,  Navy  Department. 

[CAPTURED  ENEMY  EQUIPMENT),  n.d.,2 
dlagrs.  (No.  CEE  8693  from  Ordnance  Investiga¬ 
tion  Laboratory,  Naval  Powder  Factory;  Covering 
letter  from  Bureau  ofOrdnance)  Confidential 

Two  identical  diagrams  are  presented  of  a  TO-mm. 
Japanese  army  HE  shaped  charge  shelL 

L414 

Bureau  of  Ordnance,  Navy  Department. 

COMPARISON  BETWEEN  SHAPED  CHARGE 
AND  STANDARD  FULL-SCALE  TORPEDO 
WARHEADS  MK  13  MOD  1  AND  MK  13  MOD  2, 
by  J.  F.  Moulton.  May  23,  1944,  [12]p.  IncL 
illus.  tables,  dlagrs.  (Explosives  Research 
memo.  no.  16)  Confidential 

ThlB  memo,  shows  the  effects  of  a  hollow  steel 
cone  In  a  full-scale  shaped  charge  torpedo  war¬ 
head,  Mark  13  Mod  1,  on  the  underwater  explosion 
pressure  and  momentum  fields,  and  compares 
these  effects  with  those  produced  by  the  full-scale 
standard  torpedo  warhead  Mark  13  Mod  2.  Tabular 
data  showed  that  the  momenta  for  both  types  of  war¬ 
heads  were  essentially  Independent  of  angle.  There 
was  no  significant  difference  between  the  momenta 
for  the  shaped  charge  and  standard  Torpex-2 
loaded  warheads  at  angles  from  the  charge  »v*g 
other  than  0°  even  though  there  was  a  charge 
weight  difference  of  about  15%.  Tabular  data  also 
showed  that  although  the  Jet  produced  by  the  shaped 
charge  warheads  loaded  with  Comp.  B  was 
equivalent  to  the  similar  Torpex-2  loaded  war¬ 
heads,  the  momenta  produced  by  the  Comp.  B  war-- 
heads  fell  below  those  produced  by  the  Torpex-2 
loaded  ones.  A  comparison  of  results  for  full- 
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scale  shaped  charge  warheads  Mark  1?  Mod  1  and 
standard  warheads  Mark  13  Mod  2  J3  given  In 
tabular  form. 

L410 

Bureau  of  Ordnance,  Navy  Department. 

US  NAVY  CAVITY  CHARGES.  June  28,  1044, 
Up.  tncl.  illus.  (Ordnance  Pamphlet  1203) 

Restricted 

General  remarks  are  made  on  the  shaped  charge 
effect  and  descriptions  are  given  of  the  Mark  t, 
Mark  2,  and  Mark  3  charges  and  the  disposal  of 
bombs  by  them.  (This  rept.  is  superseded  by 
Ordnance  Pamphlet  1720,  item  no.  L428.) 

L41G 

Bureau  of  Ordnance,  Navy  Department. 

APPLICATIONS  OF  THE  CAVITY  EFFECT,  by 
L  F.  Porter.  Feo.  1945,  45p.  incL  iilus.  tables. 
{Foreign  Oranancc  rept.  no.  2)  Confidential 

This  rept.  includes  a  description  of  the  shaped 
charge  and  its  principles,  major  technical  design 
considerations,  and  examples  of  foreign  ordnance 
employing  the  cavity  effect.  Appendix  A  is  a  brief 
history  of  the  shaped  charge;  appendix  B  lists  38 
references. 


Bureau  or  Ordnance,  Navy  Department, 

DEVELOPMENT  OF  FUZING  FOR  SHAPED 
CHARGE  GENERAL  PURPOSE  BOMB,  by 
W.  C.  Chewnlng.  Sept.  15,  1945,  8p.  (NAVORD 
rept.  no.  58-45)  Confidential 

The  various  methods  ol  fuzing  general  purpose 
bombs  Investigated  are:  (1)  electrical  fuzing  sys¬ 
tems;  (2)  mechanical  fuzing  systems;  (3)  screw- 
out  extension  rod  device  which  carried  the  fuze 
with  it;  (4)  VT  fuzing;  and  (5)  wafer  discriminating 
fuze.  No  tests  were  made  of  any  of  the  above 
met.iods;  brief  descriptions  are  given  of  each. 


Bureau  of  Ordnance,  Navy  Department. 

DEVELOPMENT  OF  THE  CABLE  AND  CHAIN 
CUTTER  MK  I  MOD  I,  by  G.  L.  Edcson 
Oct. ^11,  1945,  7p.  incl.  dlagrs.  (NAVORD  rept 
o4"l5J  Restricted 

A  cutter  (Mark  1  Mod.  0)  having  the  following 
characteristics  was  developed:  (!)  shaped  charge 
frame  in  the  stupe  of  a  "U"  with  loaded  clamping 
handle;  (2)  loaded  with  plastic  explosive  protected 
y  hinged  covers;  (3)  standoff  is  a  water-tight 
compartment,  permitting  underwater  use;  and 
ii  c*cctrlca^y  Ured.  The  design  was  revised  to 
allow  for  all  types  of  firing  and  the  handle  made 

smalier  (cutter  Mark  1  Mod.  1).  The  production 
difficulties  and  means  of  overcoming  them  are 
discussed.  Illustrations  ol  the  above  charges  are 


L41D 

Bureau  of  Ordnance,  Navy  Department. 

PERFORMANCE  OF  SHAPED  CHARGE  WAR 
HEADS,  by  S.  H.  Wollman,  Nov.  28,  1945,  20p, 
incl.  illus.  (NAVORD  repL  no.  208-45) 

Confidential 

Tests  were  made  d  underwater  penetration  of 
Jels  from  full-scale  shaped  charge  warheads.  Tbs 
target  was  a  series  or  spaced  steel  plates  im¬ 
mersed  in  water  representing  a  completely  flooded 
torpedo  protection  system  of  the  CVB41  class  air¬ 
craft  carrier.  It  was  found  that  Mark  10  warheads 
fitted  with  15-ln.  45"  liners  gave  unsatisfactory 
performance  as  did  the  Mark  13  warheads  fitted 
with  18  in.  60"  liners.  However,  Mark  13  war¬ 
heads  lilted  with  19.  75-in.  45°  steal  liners  D 

succeeded  in  defeating  the  target  with  some  energy 
to  spare.  Torpex  gave  better  performance  than 
Comp.  B. 


L420 

Bureau  of  Ordnance,  Navy  Department 

BULLETIN  OF  ORDNANCE  INFORMATION 
NO.  4-45.  Dec.  31,  1945,  paragraphs  35-98, 
p.  29-34  Incl.  Ulus,  dlagrs.  Confidential 

Tests  carried  out  with  scaled  (1:10,  1:6,  6:21) 
models  of  warheads  showed  that  the  jet  from  a 
modified  warhead  could  defeat  systems  consisting 
of  spaced  steel  plates  with  some  of  the  intervening 
space  containing  water  which  the  conventional 
warhead  could  not  defeat.  In  a  series  of  3:8 
scale  tests,  a  scale  mode!  caisson  target  of  the 
torpedo  protection  system  of  a  CVB41  class  air¬ 
craft  carrier  was  used.  Brier  summaries  are 
given  of:  (1)  tests  with  full-scale  warheads  fired 
against  a  submerged  system  of  spaced  plates 
representing  a  completely  flooded  full-scale 
torpedo  protection  system  of  a  CVB41  class 
carrier;  (2)  modlficatlr-:,  ol  1000-lb.  bombs 
AN  M05  (wltha45°  Hner);  (3)  modification  of 
Mark  13  warhead;  (4)  tests  with  2000-lb.  bombs 
AN  M06  fired  against  a  target  simulating  an  enemy 
battleship  with  superstructure;  and  (5)  drop  testa 
of  500-  and  1000-lb.  shaped  charge  bomb3  from  an 
airplane  to  determine  fuze  action  and  over-all 
functioning  of  the  bombs.  The  problem  of  scaling 
of  water  penetration  was  also  Investigated;  It  was 
found  that  the  performance  of  large  scale  charges 
could  be  roughly  predicted  from  small  scale 
charges. 

L421 

Bureau  of  Ordnance,  Navy  Department 

APPLICATIONS  OF  LINED  CAVITY  CHARGES. 
June  1,  1946,  44p.  Incl.  Illus.  (Ordnance  Pamph- 
lct  1647>  Confidential 

A  summary  is  given  of  the  factors  determining  the 
effectiveness  of  shaped  charges:  (1)  composition 
and  properties  of  the  explosive;  (2)  quantity  cJ 
explosive;  (3)  base  dimension  of  the  charge  and 
liner;  (4)  confinement  of  the  explosive;  (5)  standoff; 
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(6)  cavity  shape;  (7}  material  and  thickness  of 
liner;  and  (8)  other  factors  (point  of  initiation,  sym¬ 
metry  and  uniformity  cl  charge,  symmetry  ollinex, 
efiec‘s  of  rotation).  The  section  on  applications  of 
shaped  charges  describes  demolition  charges,  ap¬ 
plications  In  weapons,  and  disposal  of  explosive 
filled  ordnance  by  shaped  charges.  {This  rept.  Is 
superseded  by  Ordnance  Pamphlet  1720,  Item 
no.  U2B.) 

L422 

Bureau  of  Ordnance,  Navy  Department, 

BRITISH  EXPLOSIVE  ORDNANCE.  June  10,  1043, 
456p.  incl.  Ulus,  diagrs.  (Ordnance  Pamphlet  1665) 

Confidential 

The  AS  35-lb.  Kk.  I  bomb,  antitank  grenades  to- 
cluding  the  AT  rifle  grenade  no.  68,  and  other 
weapons  using  the  shaped  charge  effect  arc  de¬ 
scribed  very  briefly. 

L423 

Bureau  of  Ordnance,  Navy  Department 

GERMAN  EXPLOSIVE  ORDNANCE.  June  11,  1943, 
2v.  [v.  1,  p.  1-340,  v.  2,  p.  347-624]  lncl.  illus. 
diagrs.  (Ordnance  Pamphlet  1660)  Restricted 

Data  on  German  shaped  charge  weapons  are  given 
along  with  data  for  other  German  ordnance  in 
sections  on  bombs,  fuzes,  rockets,  land  mines, 
grenades,  igniters,  projectiles,  and  projectile 
fuzes. 

L42S 

Bureau  of  Ordnance,  Navy  Department 

ITALIAN  AND  FRENCH  EXPLOSIVE  ORDNANCE. 
June  14,  1946,  215p.  lncl.  Illus.  diagrs.  (Ord¬ 
nance  Pamphlet  1668)  Unclassified 

Data  are  given  on  Italian  shaped  charge  weapons 
such  as  3. 5-kg. ,  5-kg. ,  25-kg. ,  end  100-kg. 
shaped  charge  bombs;  47/32-mm.  EP  (shaped 
charge)  projectile,  47/32-mm.  EPS  (shaped 
charge)  projectile;  05/17-mm.  EPS  (shaped  charge) 
projectile;  and  on  the  base  fuze  for  100/17  shaped 
charge. 

L425 

Bureau  of  Ordnance,  Navy  Department 

JAPANESE  EXPLOSIVE  ORDNANCE.  June  14, 
1946.  2v.  [v.  1,  p.  1-263,  v.  2,  p.  265-547] 
incl.  illus.  diagrs.  (Ordnance  Pamphlet  1667) 

Restricted 

Japanese  shaped  charge  rifle  grenades  and  pro¬ 
jectiles  are  describ’d  in  addition  to  other  Japanese 
ordnance  weapons. 

L420 

Bureau  of  Ordnance,  Navy  Department. 

SHAPED  CHARGE  AMMUNITION  AND  APPLICA¬ 
TIONS  OF  SHAPED  CHARGES  TO  EXPLOSIVE 
FILLED  ORDNANCE.  June  9,  1647,  31p.  incl. 
illus.  diagrs.  (Ordnance  Pamphlet  1720) 

Restricted 


Brief  descriptions  are  Included  on  the  rifle  gre¬ 
nade  AT,  M9A1,  rocket  HEAT,  M6A5,  shells 
75-min.  M66,  105- mm.  M67,  57-mm.  M3 07, 
75-mm.  M310,  M2A3,  M3,  cable  cutter  Ml,  shaped 
charge  containers  Mark  1  Mod  0,Marlc  2  Mod  0, 
Mark  3  Mod  0,  Mark  4  Mod  0,  demolition  charge 
Mark  22  Mod  0,  and  cable  and  chain  cutter  Mark  1 
Mod  1.  Instructions  are  given  on  the  use  of: 

(1)  cylindrical  charges;  (2)  linear  and  curvilinear 
charges  for  sectioning  thin-skinned  and  thldi- 
cased  ordnance;  (3)  curvilinear  charges  for  cutting 
steel  pipe  and  welded  steel  tubing;  and  (4)  linked 
linear  charges  for  sectioning  explosive  filled 
ordnance.  The  linear  cavity  charge  calculator  is 
described  and  lis  use  illustrated  by  problems. 

(This  publication  supersedes  Ordnance  Pamphlet 
1202,  Item  no.  L415  and  Ordnance  Pamphlet  1647, 
item  mr.  L421. ) 

L427 

Bureau  of  Ordnance,  Navy  Department. 

THE  EXPLOSIVES  RESEARCH  AND  DEVELOP¬ 
MENT  PROGRAM  CF  THE  BUREAU  OF  ORD¬ 
NANCE,  by  S.  Brenauer.  Aug.  3,  1948,  Section 
B5,  p.  33-40.  (NAVORD  rept  ,  no.  422) 

TIP  S684  Secret 

A  general,  non-technlcal  rept.  on  the  development 
of  the  shaped  charge  warhead  and  bomb  Is  pre¬ 
sented.  An  outgrowth  of  the  use  of  the  shaped 
charge  effect  led  to  the  development  of  anti¬ 
submarine  follow-through  bombs.  Advantages  of 
a  shaped  charge  guided  missile  over  a  fragmenta¬ 
tion  warhead  include  higher  jet  velocity  and 
deeper  penetration.  It  is  believed  that  a  single 
shaped  charge  may  be  supported  by  a  gimbal 
arrangement  so  that  the  axis  of  the  liner,  with 
the  help  o(  a  homing  device,  can  align  itseU  In 
the  target  direction.  The  shaped  charge  has  a 
drawback  in  that  the  Jet  aims  In  one  direction, 
whereas  the  fragments  fly  in  many  directions.  It 
may  be  possible  to  overcome  this  drawback  by  the 
use  of  multiple  Jets.  Mention  is  made  of  the 
Mlsznay-Schardln  effect  in  which  an  explosive  of  a 
definite  shape  can  be  used  to  propel  a  steel  disc 
forward  with  very  nigh  velocity.  Because  of  the 
poor  ballistic  qualities  of  such  a  disc,  pre- 
fragmenied  discs  made  up  of  fragments  fitted 
together  in  "honeycomb"  fashion  were  fired  with 
good  results.  A  brief  discussion  is  giver.  In  the 
section  on  fragmentation  of  the  use  of  shaped 
charges  for  controlling  fragment  size. 

L420 

Bureau  of  Ordnance,  Navy  Department  (Proj. 
no.  Re2c-4fi). 

SHAPED  CHARGE  MUNITIONS.  [Extract], 
Quarterly  progress  rept,  for  period  ending 
Sept.  30,  1948.  p.  2-101,  2-102.  Confidential 

Experiments  were  performed  to  study  jet  forma¬ 
tion  and  longevity  In  a  rarefied  atmosphere.  Data 
were  obtained  by  firing  shaped  charges  at  an  alti¬ 
tude  oi  over  10,  000  ft.  Spectrograms  and  colored 
stills  were  obtained  together  with  motion  picture 
films  of  the  jets.  The  average  height  of  the  Jets  in 
the  rarefied  atmosphe.ve  was  lound  to  exceed  the 
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normal  by  05^.  A  study  of  the  jet  itself,  by  spec- 
trographic  techniques,  is  in  progress.  Attempts 
are  being  made  to  measure  the  temperature  of  a 
given  point  within  the  jet  as  a  function  of  ttme  and 
also  to  obtain  velocity-time  plots  of  discreet 
luminous  particles  of  a  jet.  Tests  of  shaped  charge 
bombs  were  conducted  against  the  Nevada, 

EX-BB36,  off  Pearl  Harbor.  In  the  first  phase  of 
the  test,  2  1000-lb.  and  2  2000-lb.  bombs  were 
statically  detonated  in  locations  selected  to  pro¬ 
vide  data  comparable  to  previous  full-scale  tests 
against  simulated  battleship  and  crulBer  targets. 
The  locations  selected  also  gave  direct  Information 
on  the  ability  of  the  bombs  to  penetrate  the  armored 
deck  and  intervening  decks  to  the  magazine  spaces. 
After  the  simultaneous  explosion  of  the  4  bombs, 
the  damage  was  inspected.  The  static  detonations 
were  followed  by  dropping  100-lb.  and  SOQ-lb. 
shaped  charge  bombs  from  altitudes  of  approxi¬ 
mately  2500  ft.  The  principal  objective  of  thin 
phase  of  the  tests  was  to  observe  fuze  performance. 
Hits  were  obtained  with  a  100-ifc.  bombs  with 
instantaneous  fuzes,  3  5D0-lb.  bombs  with . 
instantaneous  fuzes,  and  3  500-lb.  bombn  with 
VT  fuzes.  Damage  was  again  evaluated  after  this 
phase  of  the  tests.  The  third  phase  consisted  of 
dropping  1000-lb.  and  2000-lb.  shaped  charge 
bombs.  Drops  of  2  1000-lb.  bombs  with  VT  fuze 
and  1  2000 -lb.  bomb  with  Instantaneous  fuze 
resulted  in  hits.  Damage  from  the  static  testa 
showed  that  the  results  were  essentially  the  same 
as  indicated  by  full-scale  tests  against  armor 
plate  conducted  at  Dahlgren  in  1045  and  1048. 
Evidently  the  many  obstructions  to  the  Jet  path 
caused  by  miscellaneous  equipment  and  materials 
located  in  the  compartments  traversed  by  the  jets 
do  not  weaken  its  effectiveness  to  any  great  ertent- 
One  2000-lb.  bomb  located  on  the  5th  armor  over¬ 
head  of  turret  no.  3  penetrated  to  the  lower  han¬ 
dling  room  and  ignited  some  colled  cotton  fire 
hose.  It  penetrated  9  in.  of  armor  plate  and  set 
a  fire  at  a  distance  of  48  ft.  from  the  point  of 
detonation.  The  drop  tests  indicated  that  the  VT 
fuzes  were  giving  detonations  reliably  at  the 
standoff  distances  for  which  they  were  set.  Jet 
penetration  of  the  drop  tests  were  comparable  to 
those  of  the  full-scale  static  tests  conducted  at 
NPG,  Dahlgren. 


L429 

Bureau  of  Ordnance,  Navy  Department. 

UNDERWATER  DEMOLITION  TEAM  DEMOLI¬ 
TION  MATERIALS  AND  THEIR  USES.  Sept.  9, 

1953,  p.  9-12,  39  incl.  illus.  dlagra.  (Ordnance 
Pamphlet  1839)  Confidential 

Brief  descriptions  were  given  of:  (1)  the  S5-lb. 
shaped  charge  M2A3;  (2)  the  40-lb.  sliaped  charge 
M3  (formerly  the  T3);  (II)  linear  channel  charges; 
and  (4)  the  cable  and  chain  cutter  Mk  1  Mod  1 
(linear  shaped  charge).  It  was  noted  that  shaped 
charge' performance  was  determined  by  liner 
angle,  standoff  distance,  charge  height,  charge 
width,  and  liner  material. 

7S 


L430 

Byers,  L.  S. 

MULTIPLE-JET  SHAPED  ELASTING  CHARGE  - 
WHY  IT  FUNCTIONS.  Pit  and  Quarry,  v.  42, 

Nov.  1910:  99-102. 

The  multiple-jet  shaped  blasting  charge,  which  lc 
placed  on  the  outside  ol  the  boulder,  has  the  ad¬ 
vantages  of  both  block-holing  and  mud-capping 
techniques.  It  eliminates  the  necessity  of  drilling 
holes  in  boulders  and  accomplishes  the  results 
of  mud-capping  without  mud  or  artificial' covering- 
of  any  kind,  li  produces  disruptive  action  far  In 
excess  of  the  effect  to  be  expected  by  the  amount 
of  explosive  used.  The  action  of  this  shaped  charge 
produces  a  multiple  Jet.  The  top  apex,  being 
closest  to  the  "business"  end  of  the  blasting  cap, 
collapses  first,  starting  11s  downward  Jet  la  the 
direction  of  the  object  to  be  blasted,  such  as  rock 
boulder.  This  is  followed  by  the  collapse  of  the 
side  apexes  with  their  own  directional  flow  of  con¬ 
centrated  energy,  which  upset  or  dephase  the 
initial  jet  which  has  already  started  its  boring 
eifect  into  the  boulder.  The  direction  of  this 
boring  effect  is  Interrupted  by  the  meeting  of  the 
dephaslng  or  secondary  Jets  having  a  different  di¬ 
rection  of  How,  and  at  this  common  meeting  point 
a  violent  disturbance  occurs.  The  firing  rate  or 
velocity  of  the  explosive  has  been  correlated  with 
the  collapsing  of  the  apexes.  The  concentrated  blast 
effect  not  only  continues  downward,  but  i  idewise  as 
well,  to  rip  the  boulder  apart.  These  shiped 
blasting  charges  are  used  for  clearing  congested  or 
clogged  finger  raises  In  underground  mining, 
dismemberment  of  steel  bridges,  Masting  of 
abutments,  quick  reduction  of  metal  for  scrap,  etc. 

L431 

Byers,  L.  S. 

NEW  "PLURAJET"  SHAPED  BLASTING  CHARGE 
READY  FOR  INDUSTRY.  Pit  and  Quarry,  v.  43, 
Nov.  1950:  79-81. 

A  new  type  of  "split -jet-shaped"  blasting  charge  Is 
described  which  is  known  as  the  "Plurajet”.  The 
Charge  Is  simply  placed  on  a  boulder  and  a  conven¬ 
tional  blasting  cap  is  Inserted.  Practically  nc 
wastage  o(  explosive  force  occurs  because  of  the 
deflection  of  the  shock  waves  towards  the  object  to 
be  blasted.  In  a  demonstration,  16  boulders  from 
0.  5  to  12  tons  each,  weighing  a  total  of  approximately 
8u  tons,  were  broker,  to  crusher  size  fcy  the  work  of 
1  man  In  30  min. 


L432 

Cairns,  R,  W. 

STUDY  OF  HIGH  EXPLOSIVES  BY  HIGH-SPEED 
PHOTOGRAPHY.  Industrial  and  Engineering 
Chemistry  (Ind.  ed.),  v.  36,  Jan.  1944:  79-85. 

The  method  of  photographing  high  explosives  using 
rotating  di-um  and  rotating  mirror  cameras  is 
described. 
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Canadian  Armament  Research  and  Development 
Establishment. 

INTERIM  REPORT  ON  THE  DEVELOPMENT  OF 
AN  INFANTRY  ANTITANK  ROCKET  (THE 
HELLER),  by  E.  S.  Guy.  Aug.  5,  1048,  [28]p. 
Incl.  illus.  tables.  (CARDE  Technical  memo, 
no.  28/48)  Confidential 

The  preliminary  development  work  on  an  antitank 
weapon  called  the  Heller  la  reviewed.  The  shaped 
charge  warhead  weighs  about  4.  0  lb.  and  contains 
a  45°  soft  Cu  conical  liner.  Penetration  achieved 
In  trials  varied  to  a  large  extent  even  when  all 
factors  were  held  constant.  Penetrations  as  high 
as  200  mm.  cf  homo  armor  plate  were  achieved. 
The  degree  of  variation  In  penetration  was  partly 
attributed  to  the  method  of  manufacturing  the 
conical  liners. 

L434 

Canadian  Armament  Research  and  Development 
Estaulishnent  (Proj.  no.  HQ3  7616-3). 

[HELLER  WEAPON],  by  E.  S.  Guy.  [Progreso 
rept.  Nov.  1,  1050-Apr.  30,  1951.  17p.  Incl. 
rabies.]  Secret 

Static  penetration  test  results  with  the  Ileller 
weapon  are  shown.  The  targets  were  homo  armor 
plates  and  the  weight  of  HDX/TNT  60/40  was  about 
1. 4  lb.  The  conical  liner  base  diameter  was  2. 9  in. 


Conical  lbier  v;  verage  penetration 

thickness  in  In,  of  90%  of  rounds  fired 

in  in. 


0.05 

0.08 

0.07 

0.C9 


11.3 

11.3 

12.1 

13.0 


Standoff  in 
cone  diameters 


Average  penetration 
of  90%  of  rounds  fired 
In  In. 


1.75 

2.0 

2.25 


11.8 

11.5 

11.2 


It  was  noted  that  aB  the  liner  thickness  increased, 
the  penetration  dpnth  also  increased. 


L435 


Canadian  Armament  Research  ar.d  Development 
Establishment. 

HELLER  ENGINEERING  TRIALS  PART  IL 
PENETRATION  TRIALS.  Aug.  3,  1951,  [2fa 
(CAHDE/N-17-1)  1  Seer 


Tests  were  conducted  to  determine  the  effect  of 
Rocket,  3.2-in.,  HEAT,  Cdn.  Ex.  1  (HELLER), 
against  homogeneous  armor  plate  280  mm.  thick 


•Reference  not  verified  in  the  originaL 

SECRET 


76 


(Series  A)  ai  normal  and  against  armor  plate 
120  mm.  thick  (Series  B)  at  00°  from  normal. 

The  projectile  was  illlea  with  60/40  RDS/TNT  zai 
had  a  Cu  conical  liner  0. 1  In.  thick  with  a  spitback 
type  fuze,  PD  M-52.  In  Series  A  test  firings, 

6  of  10  rounds  defeated  the  main  target,  while  in 
Series  B  tern  firings,  7  of  10  penetrated  completely. 
No  fux.es  malfunctioned . 
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Canadian  Armament  Research'and  Development 
Establishment. 

HELLER  WARHEAD  DEVELOPMENT  by 
R.  W.  Foster.  Nov.  9,  1951.  (CARDE  Technical 
letter  no.  N17-I-5)  (In  Transactions  of  Symposium 
on  Shaped  Charges  held  at  the  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Md 
Nov.  13-18,  1951)  Confidential 


Vhe  warhead  design  of  the  Heller,  a  plaioon  anti¬ 
tank  weapon  of  3. 2-ln.  caliber  is  described.  The 
shaped  charge  warhead  Is  Initiated  by  a  spitback 
fuze.  Tests  were  made  to  determine  the  optimum 
standoll  and  the  optimum  thickness  of  the  Cu 
conical  liner  wall.  Manufacturing  tolerances  which 
were  set  for  the  conical  liner,  design  of  the  war-  ’ 
head  casing,  and  methods  of  filling  are  discussed 
A  brief  summary  of  results  obtained  In  armor 
penetration  testa  in  Included. 
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STAHLER'S  THEORY  OF  JET  FORMATION  AND 
PENETRATION,  by  K.  Staller  [Stabler]  (1951], 
[3]p.  Incl.  dlagr.  (Presented  at  the  Symposium 
on  Shaped  Charges  held  at  the  Ballistic  Research 
laboratories,  Aberdeen  Proving  Ground,  Md. . 
[Nov.  13-16,  1951]  Confidential 


A  theory  of  shaped  charges,  formulated  by  a  group 
of  Czechoslovakian  scientists  in  1943-1944,  is 
presented  in  a  drawing  prepared  by  K.  Staller 
iStahler?],  former  Technical  Director,  Small 
Arms  Factory,  Czechoslovakia.  The  differences 
between  this  theory  and  the  commonly  accepted 
theory  of  shaped  charge  effect  are  discussed.  It 
is  postulated  that  the  Munroe  effect  Is  more  than 
just  a  mechanical  one,  since  heat  may  play  an 
Important  role. 
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FUNDAMENTALS  OF  SHAPED  CHARGES. 
Bimonthly  rept.  no.  1.  Aug.  31,  1950.  72p.  Incl. 
illus.  dlagrs.  (Rept.  no.  CIT-ORD-28)  (Formerly 

contract  W36-061-ORD-2910)  TIP  C4 631  * 

Confidential 


Standard  experimental  techniques  for  the  study 
of  the  geometry  of  detonation  waves  were  applied 
to  a  variety  of  detonation  wave  types  in  solid 
explosives.  The  geometry  of  detonation  waves 
could  be  predicted  by  the  application  of  Huygen's 
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principle  and  Fermat's  principle  of  least  time  to 
as  high  a  degree  of  accuracy  as  is  attained  in 
measurement!).  The  detonation  wave  shape  and 
control  thereof  were  discussed  in  relation  to  the 
design  of  shaped  charges.  By  controlling  the  detona¬ 
tion  wave  shape,  the  effective  detonation  rate  along 
the  lining  which  is  1  of  the  factors  that  determine 
jet  mass  and  velocity,  could  he  varied  over  a  wide 
range.  One  of  the  aberrations  hi  shaped-charge 
performance  was  traced  to  asymmetry  of  tho 
detonation  wave.  Calculations  are  made  which  in¬ 
dicate  the  permissible  tolerances  in  detonator 
placement  for  a  variety  of  charge  designs.  (Con¬ 
tractor's  abstract) 
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Carnegie  Institute  of  Technology  (DA36-051-ORD-7). 
FUNDAMENTALS  OF  SHAPED  CHARGES. 
Bimonthly  rept.  no.  2.  Oct.  31,  1950,  49p.  ind. 
illus.  diagrs.  (Rept.  no.  CIT-ORD-29)  TIPC49C0 

Confidential 

A  new  rotating  mirror  camera  increases  greatly 
the  accuracy  of  measurements  on  jet  formation 
and  penetration  into  targets.  A  thin  1 -sided  plane 
mirror  is  rotated  at  speeds  up  to  420  r.  p.  s. , 
corresponding  to  an  image  velocity  of  2020  m.ysec. 
Detonators  are  fired  at  about  10  kv.  by  a  system 
synchronized  to  the’  mirror  shaft  so  that  the  lenn 
aperture  can  be  F/3.5,  the  locus  of  the  Image  Is 
practically  circular,  and  the  position  of  the  photo¬ 
graph  can  be  predetermined  accurately.  Kerr 
cell  camera  photographs  show  some  dissimilarities 
in  the  jets  from  Cu,  Al.and  steel  liners  having 
apex  angles  of  22°,  44°,  60°,  and  88°.  Methods 
for  eliminating  the  shroud  accompanying  the  jet 
from  flat-topped  conical  liners  were  unsuccessful. 

In  a  thick  glass  target,  cracking  of  the  glass  ahead 
of  the  jet  reduced  the  stopping  power  of  the  im¬ 
penetrated  target  to  that  predicted  by  the  density 
law.  (TIP  abstract) 
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FUNDAMENTALS  OF  SHAPED  CHARGES. 
Bimonthly  rept.  no.  3.  Dec.  31,  1650,  31p.  IncL 
illus.  diagrs.  (Rept.  no.  CIT-ORD-30) 

TIP  C  51 59  Confidential 

Experimental  data  from  mass  distribution  meas¬ 
urements  are  given  for  4  charge  designs  (2  steel 
liners  of  different  wall  thicknesses,  a  Cu  liner, 
and  an  A1  liner).  Two  approximations  to  the 
problem  of  liner  propulsion  were  considered  In 
the  interpretation  of  the  data  by  means  of  the 
generalized  theory  of  cone  collapse.  In  1  ap¬ 
proximation  the  liner  elements  were  assumed  to 
collapse  normal  to  the  original  liner  surface:  in 
the  other  case  Taylor's  theorem  was  assumed  to 
be  applicable  to  the  nonsteady  process.  The  2 
approximations  give  the  same  results  in  the  case 
of  thick  liners.  For  thin  liners  the  differences  be¬ 
tween  the  results  are  so  great  that  the  best  ap¬ 
proximation  nay  possibly  be  determined  ex¬ 
perimentally.  Small  deviations  from  Taylor's 


theorem  when  applied  to  the  nonsteady  theory  of 
Jet  foi  mation  arc  considered  to  have  a  negligible 
effect  on  the  end  results.  Performance  tests  of 
Ti  targets  indicated  somo  improvement  over  mild 
steel  in  stopping  power  on  a  weight  basis,  but  data 
were  inconclusive.  (TIP  abstract) 
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FUNDAMENTALS  OF  SHAPED  CHARGES, 

PART  I.  Bimonthly  rept.  no.  4.  Feb.  28,  1951, 
45p.  Incl.  Illus.  diagrs.  (Rept.  no.  CIT-ORD-31) 
TIP  C5964  Confidential 

A  theory  of  jet  formation  is  presented  in  which  the 
collapse  velocity  of  the  walls  of  a  conical  liner 
is  assumed  to  decrease  with  increased  distance 
from  the  apex.  On  the  basis  of  this  assumption 
jets  are  longer  than  predicted  by  hydrodynamic 
theories  of  jet  formation  (Birkhoif,  MacDougall, 
Pugh,  and  Taylor,  Journal  of  Applied  Physics, 
v.  19,  June  1948:  563-582)  in  which  a  constant 
collapse  velocity  is  assumed.  The  new  theory  was 
experimentally  verified.  A  graphical  method  Is 
presented  for  predicting  the  shapes  cf  the  jet  and 
slug.  (TIP  abstract) 
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41p.  ind.  illus.  diagrs.  (Rept.  no.  CIT-ORD-31) 
TIP  C6144  Confidential 

Investigations  of  jet  and  target  characteristics 
are  summarized..  The  scatter  of  experimental 
data  was  reduced  to  verify  the  generalized  theory 
of  jet  formation;  further  reduction  is  necessary. 
Different  liner  designs  are  being  studied  on  the 
basis  of  results  obtained  for  the  SI  standard  charge 
lined  with  an  M9A1  cone.  Methods  are  being 
developed  lor  measuring  variables  to  provide  a 
test  ol  the  theory  for  a  variety  of  liner  designs. 
Subjects  discussed  Include  the  relation  between  the 
design  and  collapse  velocity,  detonation  waves, 
transport  pressure,  penetration  and  standoff,  tar¬ 
get  strength  effects,  Jet  material,  and  the  penetra¬ 
tion  efficiency  of  cone  elements.  The  large  spread 
in  penetration  of  apparently  identical  shaped 
charges  was  attributed  to  charge  imperfections. 
The  use  of  statistical  techniques  to  obtain  s. 
quantitative  interpretation  of  penetration  values 
proved  difficult  due  to  the  extremely  skewed 
frequency  distribution  of  the  penetrations.  The 
order  of  importance  of  Imperfections  which  affect 
charge  performance  wa3  concluded  to  be  as 
follows:  (1)  iack  of  alignment  hetween  liner  and 
charge  axis;  (2)  geometric  liner  imperfections, 
especially  ihose  which  destroy  cone  symmetry; 
and  (3)  inhomegeneity  of  explosive.  (TIP  abstract) 


77 


SECRET 


SECRET 


SHAPED  CHARGES 


L443 

Carnegie  Institute  of  Technology  (DA36-OGI-ORD-7). 
FUNDAMENTALS  OF  SHAPED  CHARGES, 

PART  HI.  Blmcnthly  rept  no.  4.  Feb.  28,  1951, 
lOOp.  incl.  illes.  diagrs.  (Rept.  no.  CIT-OHD-31) 
TIP  C6167  Confidential 

The  Kerr  cell  photographic  technique  is  described. 
Results  obtained  with  Kerr  cell  photographs  of  jets 
are  presented.  Photographs  are  included  of  jeto 
traveling  in  air;  jets  penetrating  steel,  H2O, 
PLexiglas,  and  glass;  and  detonation  and  shock 
waves  from  explosives  and  Jets.  A  double  Kerr 
cell  camera  was  developed  with  which  2  consecu¬ 
tive  pictures  can  be  taken  of  the  same  phenomenon, 
each  exposure  lasting  0. 5  psec.  and  the  time  be¬ 
tween  exposures  being  adjustable  from  0  to 
several  hundred  usee.  A  photoelectric  method  Is 
being  developed  for  triggering  the  Kerr  cell  and 
light  source.  The  lowest  weight  of  pruvection 
against  jets  was  found  lo  consist  of  giass  blocks 
surrounded  by  a  shock-absorbing  material  backed 
up  by  hard  homogeneous  armor  of  steel  or  alloy. 

(TIP  abstract! 
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Penetration  and  hole  volume  for  shots  into  mild- 
steel  targets  were  measured;  charge  design  and 
liner  thickness  were  constant,  and  the  liners  were  of . 
different  materials  with  cone  angles  between  22' 
and  88°.  The  results  indicated  that  for  large  hole 
volume  and  shallow  penetration  a  small  cone  angle 
low-density  liner,  and  short  standoff  are  best,  but 
for  deep  penetration  a  44°  Cu  cone  at  4  in.  is  desir¬ 
able.  A1  liners  are  most  effective  at  much  greater 
standoff  than  Cu  or  steel;  their  relative  penetration 
is  less,  but  the  relative  hole  volume  is  greater. 

The  data  indicate  that  (1)  penetration  performance 
can  be  Improved  by  reducing  the  imperfections  in 
the  lined  shaped  charges  and  (2)  liner  materials 
which  are  ductile  under  high-speed  loading  will 
increase  the  penetration  at  shorter  standoffs. 
High-speed  photographs  of  the  fracture  of  glass 
were  supplemented  by  photographs  which  used 
photoelastic  methods  to  show  the  shock  waves  set 
up  in  the  glass.  The  velocity  of  the  shock  waves  in¬ 
creased  with  increasing  shock  intensity  to  0150 
m./sec.  The  secondary  fracture  of  glass  is 
initiated  at  the  velocity  of  propagation  of  the  disturb¬ 
ance  for  sufficiently  intense  disturbances.  The 
time  delay  between  passage  of  the  disturbance  and 
the  iirst  appearance  o'f  cracks  decreases  with 
increasing  shock  intensity.  (TIP  abstract) 
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M1SZNAY-SCHARD1N  EFFECT,  by  E.  M.  Pugh 
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Aug.  31,  1850,  22p.  incl.  illue.  dlagra.  (Rept. 
no.  CIT-ORD-M15)  (Formerly  contract  W30-O61- 
ORD-2910]  TIP  C 59280  Confidential 

Tests  were  made  with  model  charges  lined  with 
mosaic  arrays  oi  hc-xagonal  prisms  of  both  steel 
and  Al.  Results  showed  that  the  hexagonal  prisms 
had  s  slight  advantage  over  grooved  plates  if  the 
critical  characteristics  were  number  of  fragments 
or  penetration  depth;  however,  there  was  a  slight 
disadvantage  in  that  the  fragment  velocity  for  a 
given  value  of  c/m  (c  =  mass/unii  area  of  explo¬ 
sive,  m  =  mass/unit  area  of  liner)  waa  somewhat 
lower .  The  over-all  relative  advantages  cf  mosaic 
and  Integral  liners  seemed  to  depend  upon  tho 
specific  conditions  of  charge  use. 
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MISZNAY-SC HARDIN  EFFECT,  by  ii.  M.  Pugh 
and  H.  I.  Elchelberger.  Bimonthly  rept.  no.  2. 
Oct.  31,  1950,  37p.  incl.  tables,  diagrs.  (Rept. 
no.  CIT-ORD-M16)  TIP  C59290  Confidential. 

A  physical  picture  of  conditions  within  the  product 
gases  of  a  detonating  explosive  charge  Is  de¬ 
veloped  on  the  basis  of  simple  assumptions  and 
the  known  qualitative  behavior  of  shock  waves. 

The  present  purpose  is  simply  to  establish  a 
rather  detailed  hypothesis,  without  attacking  the 
extremely  difficult  mathematics,  for  a  3-dimen¬ 
sional  situation,  the  result  being  intended  to  serve 
as  a  starting  point  for  simultaneous  theoretical 
and  experimental  investigation.  The  forces  at  a 
given  point  on  the  liner  are  pictured  as  due  to  the 
momentum  of  the  exploded  gases  combined  with  a 
static  type  of  pressure  whose  duration  depends 
upon  the  time  taken  by  th'-1  release  wave  to  arrive 
from  the  nearest  free  surface.  Reflections  from 
the  liner  are  neglected.  It  Is  shown  that  the 
picture  developed  is  In  qualitative. agreement  with 
the  few  pertinenl  experimental  data  that  are 
available.  Some  predictions  that  are  easily  ob¬ 
tained  from  the  picture  and  that  are  pertinent  to 
the  Wizard  warhead  problem  are  described,  and 
experiments  designed  to  test  the  predictions  are 
discussed.  Some  exploratory  experimental  re¬ 
sults  have  been  obtained  that  appear  to  sub¬ 
stantiate  the  qualitative  aspects  of  the  picture  and 
provide  data  that  can  be  used  to  form  a  quantitative 
basis  for  further  work.  The  solution  of  this  prob¬ 
lem  should  be  of  considerable  use  for  determining 
the  collapse  velocities  for  conical  liners.  (Con¬ 
tractor's  abstract) 
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M  IS  ZNAY-SC HARDIN  EFFECT,  by  E.  U.  Pugh 
and  R.  J.  Eichelberger.  Bimonthly  rept.  no.  3. 
Dec.  31,  1950,  27p.  Incl.  Ulus,  tables,  dlagro. 
(Rept.  no.  CIT-ORD-M17)  TIP  C5929i 

/Confidential 

Six  tests  with  model  charges  lined  with  grooved 
steel  discs  have  been  completed.  These  tests 
combined  with  6  similar  tests  described  pre¬ 
viously  permit  a  statistical  analysis  of  the  per¬ 
formance  oi  mcdel  charges  independent  of  any 
fundamental  assumptions  as  to  penetration  laws  or 
velocity  laws.  The  most  significant  result  of  the 
experiments  is  the  discovery  of  a  strong  linear 
correlation  between  fragment  penetration  and  the 
ratio  of  explosive  weight  to  liner  weight.  The 
correlation  indicates  that  the  depth  of  penetration 
produced  by  similar  charges  decreases  with  in¬ 
creasing  c/m  over  the  entire  rang,  of  c/m  In¬ 
cluded  in  the  experiment.  Performance  characteris¬ 
tics  other  than  fragment  velocity  and  penetrating 
power  appear  to  be  independent  of  c/m. 
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TIP  C59292  Confidential 

A  summary  (item  no.  L034)  is  included  of  woric 
done  on  the  application  of  end-fragmentation  to 
warheads  for  guided  Interceptor  missiles.  The 
use  of  high  explosives  in  projecting  a  mass  of  • 
metal  at  high  velocities  is  very  important.  The 
necessary  conditions  that  must  be  satisfied  if  the 
mass  is  to  be  projected  in  one  piece  are  dir- 
cussed.  These  conditions  are  based  upon  the 
necessity  lor  satisfying  both  the  laws  of  energy 
conservation  and  momentum  conservation.  An 
empirical  determination  was  made  of  the  usable 
range  of  ratios  of  charge  mass  to  liner  mass 
(c/m).  A  theory  is  being  developed  for  the  be¬ 
havior  of  rarefactions  In  an  exploding  charge  and 
their  probable  effect  on  the  performance  of  a 
warhead. 
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TIP  C59293  Confidential 

Dynamic  performance  tests  were  completed  on 
2  lots  of  cones  [conical  liners]  having  36  flutes 

'  manufactured  by  a  new  technique  that  leaves 
partially  flat  flute  surfaces.  The  results  show 
that  such  a  liner  performs  quite  well  In  both 
depth  of  penetration  and  uniformity  of  performance. 


This  Indicates  that  the  very  difficult  problem  of 
fabricating  uniform  conical  liners  with  accurately 
.  reproducible  flutes  is  nearly  solved.  Both  lots 
of  liners  gave  optimum  velocities  ol  -60  r.  p.  a. , 
however.  Purely  empirical  considerations  indi¬ 
cate  that  the  new  low  negative  optimum  velocity 
should  be  expected,  since  earlier  tests  with  In¬ 
termediate  numbers  of  flutes  showed  0  optimum 
velocities.  Flute  profile  measurements  for 
,  fluted  liners  tested  earlier  are  described.  It  la 
evident  that  recent  alterations  in  manufacturing 
procedure  have  greatly  reduced  the  variability  of 
the  flutes.  This  is  very  hopeful,  since  uniformity 
in  the  manufactured  liners  is  absolutely  essential, 
if  the  problem  is  to  be  solved  either  by  an  empiri¬ 
cal  or  a  theoretical  approach.  The  available 
data  conclusively  demonstrate  the  fact  that  the 
optimum  velocity  vD  Is  not  proportional  to  the 
product  na  (number  of  flutes  x  flute  depth)  as 
•  predicted  by  all  of  the  early  theories.  i>0is  not 
even  a  single-valued  function  of  na.  However,  the 
ratio  gfj/na  dees  appear  to  be  a  single-valued 
function  of  n.  The  plot  of  t^/na  vs  n  suggests  that 
V0  can  be  positive  between  n  =  D  and  n  =  32  and 
negative  for  n  larger  than  3?.  Both  larger  and 
smaller  numbers  of  flutes  than  32  are  to  be  In¬ 
vestigated.  The  complete  theory  of  compensation 
involves  several  phenomena  whose  detailed 
characteristics  are  practically  unknown,  since 
they  are  of  so  little  interest  fer  other  problems  that 
they  have  not  been  Investigated  previously.  Under 
these  circumstances  an  empirical  approach  offers 
the  greatest  hope  for  an  early  solution.  (Con¬ 
tractor's  abstract) 
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Liners  (NBS  Lot  17)  1  laving  16  flutes,  a  nominal 
linear  variation  of  flute  depth  with  liner  radius, 
and  a  nominal  maximum  flute  depth  of  0.  025  in.  at 
the  liner  base,  were  cast  into  the  standard  CUT 
charge  of  Comp.  B  and  fired  at  6.  0-Ln.  standoff. 
Best  penetrations  obtained  were  4. 9  and  5. 1  in. 
al  210  and  270  r.  p.  s. ,  respectively.  The  maximum 
penetration  obtained  represented  54%  compensation 
in  terms  of  best  static  performance  of  a  smooth 
liner.  NBS  Lot  18  liners  having  1G  flutes,  a  linear 
variation  of  flute  depth  with  liner  radius  and  a 
nominal  maximum  flute  depth  of  0. 030  In.  at  the 
base  gave  erratic  performance.  The  best  pene¬ 
tration  achieved  was  4.8  in.  at  300  r.p.  a.,  which 
represented  50%  compensation  compared  with  the 
best  performance  of  smooth  liners.  Two  additional 
liiior  groups  having  the  same  general  features  as 
Lots  15  and  IB  yielded  optimum  velocities  of  -60 
r,  p.  s.  and  showed  that  certair  changes  in  the  num¬ 
ber  of  flutes  and  the  iiner  wall  thickness  did  not 
affect  the  optimum  velocity  of  this  liner  type.  A 
charge  design  proposed  by  BRL  for  a  105-mm. 
shell  to  be  stabilized  at  45  r.  p.  s.  was  scaled  and 


70 


SECRET 


SECRET 


SHAPED  CHARGED 


tested  in  the  rotator.  The  scaled  models  showed 
about  6%  degradation  ol  static  performance  at 
45  r.  p.  s.  and  1  diameter  standoff.  The  modelG 
showed  little  difference  between  44“  and  60°  apex 
angle  liners  at  this  standoff  and  frequency. 
Birkhoff's  equations,  relating  penetration  depth 
and  rotational  frequency,  which  afforded  scaling 
relations  were  Investigated  to  identify  the  constants. 
A  mathematical  analysis  of  the  collapse  process  of 
rotated  smooth  liners  substantiated  previous  ex¬ 
perimental  results  that,  within  wide  Itmits,  rota¬ 
tion  had  no  etfect  upon  the  gross  picture  o 1  liner 
collapse.  Tests  for  penetration  performance  of  2 
group  of  thin  wall  57-mnr.  Ca  liners  machined 
from  heavier  parent  liners  by  NBS  indicated  that 
the  liner  performance  was  not  degraded  In  any 
way  by  the  machining  process. 
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Test  results  are  described  for  several  groups  of 
fluted  liners  having  many  (36  to  90)  flutes.  With 
2  lots  of  NBS  liners  having  36  flutes  of  nominal 
maximum  depth  of  0. 008  in.  at  the  base,  the 
optimum  rotational  velocity  for  the  groups  was 
between  30  and  50  r.p.s. ,  the  compensation  at 
optimum  being  essentially  complete.  NBS  liners 
having  60  flutes  of  nominal  maximum  depth  of 
0.  003  in.  with  plain  fiat  surfaces  on  all  flutes  had 
optimum  rotational  velocity  at  about  90  r.p.s., 
compensation  at  optimum  being  essentially  com¬ 
plete.  Poor  over-all  performance  gave  a  rela¬ 
tively  low  average  penetration  figure.  NBS  liners 
with  SO  flutes  of  nominal  maximum  depth  of  0.  008 
in.  had  an  optimum  rotational  velocity  at  about 
90  r.  p.  s. ,  and  compensation  appeared  to  be 
potentially  complete  although  only  1  penetration 
greater  than  8  in.  was  observed.  NBS  liners 
having  16  flutes  of  nominal  maximum  depth  of 
0. 016  in. ,  the  flutes  being  sharp  on  the  Internal 
sui  .aces  and  relatively  smooth  on  the  esdernal 
surface  of  the  liner,  yielded  an  optimum  velocity 
of  about  90  r.  p.  s. ,  the  compensation  being 
essentially  complete.  Another  group  of  NBS  liners 
n  o?Cd  Witl?  16  nu,cs  having  a  nominal  depth  of 
0. 025  in.  yielded  an  optimum  rotational  velocity 
o.  about  150  r.p.s.  with  essentially  complete 
compensation.  The  liners  described  above  were 
42c  Cu  liners  manufactured  for  use  in  a  57-mrn. 
shell.  The  liner  wall  thickness  was  about  0.045  In. 
and  the  internal  diameter  at  the  base  was  !.  69  in. 
All  laboratory  tests  were  made  at  6-in.  standofl 
against  mild  steel  targets  with  charges  5  in.  long 
and  1-5/8  In.  in  diameter  confined  In  At  tubing  of 
0  25  in.  wall  thickness.  The  results  obtained  with 
the  above  liners  were  believed  to  be  good  enough 
to  justify  copying  tiie  design  on  a  larger  scale  to 
provide  compensation  for  an  105 -mm.  slow- spin 
projectile.  It  is  expected  that  liners  of  the  ap¬ 


propriate  size  should  provide  compensation  in  a 
105-mm  shell  at  some  rate  between  20  and  75 
r.p.  s. ,  depending  upon  the  design  used. 
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A  general  summary  of  progress  to  date  Is  given 
in  the  study  of  the  effects  of  rotation  on  per¬ 
formance  of  snaped  charges  and  the  counteraction 
of  detrimental  effects  oi  rotation  by  fluting  of  the 
liners.  The  effects  of  such  design  parameters  of 
fluted  liners  as  (lute  depth,  flute  number,  and 
flute  profile  are  discussed.  The  goal  is  to  design  a 
fluted  llr.er  to  provide  complete  compensation  at 
rotational  velocities  as  high  as  220  r.  p.  s.  Com¬ 
plete  compensation  was  obtained  with  liners 
designed  for  the  57-rnm.  HEAT  shell  at  rotational 
velocities  as  high  as  180  r.p.s.  At  compensation 
velocities  as  high  as  150  r.p.s.,  performance 
equal  to  that  of  smooth  liners  fired  statically  In 
both  depin  of  penetration  and  consistency  was  ob¬ 
tained.  Partial  compensation  (as  high  as  75%) 
was  achieved  at  much  higher  (320  r.  p.  s. )  veloc¬ 
ities.  The  most  profitable  lines  of  attack  for 
further  investigation  are  described  and  specific 
liner  designs  that  were 'ordered  for  testing  in  the 
immediate  future  are  enumerated.  (Contractor’s 
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Kerr-cell  method  photographs  of  the  collapse  of  a 
wedge-shaped  liner  were  satisfactory  when  the 
wedge  was  long  and  its  apex  angle  was  sharp.  A 
method  of  tracing  liner  particles  was  used  In  which 
the  charge  is  scored  on  the  bottom  surface  at  right 
angles  to  the  direction  of  propagation  of  the  detona¬ 
tion,  and  parallel  to  the  optic  axis  of  the  camera; 
qualitative  preliminary  results  suggest  that  the 
areal  density  of  the  liner  Is  the  only  variable  of 
major  importance,  the  rote  of  the  liner  strength 
being  secondary.  A  1-  x  1-ln.  pentolite  cylinder 
was  detonated  from  the  top  end  on  a  0: 25-In.  mild 
steel  plate  placed  above  another  similar  plate; 
spalling  of  the  bottom  plate,  when  in  contact  with 
the  upper  plate,  was  about  as  extensive  as  that 
produced  in  a  single  0.  5- in.  plate.  Spalling  was 
reduced  by  an  air  space  but  was  still  visible  with 
0.  5  in.  separation  oi  the  plates.  A  0.  325-ln. 
layer  of  gasket  rubber  reduced  this  type  of  damage 
the  same  amount  as  0.  5  In.  of  air;  with  a  0. 25-in 
layer  neither  spalling  nor  cracking  occurred 
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An  approach  to  a  steady-state  jet  was  achieved 
with  a  charge  design  having  a  uniform  ihicknsss  ol 
explosive  around  the  liner.  With  this  design  the 
velocity  gradient  within  the  jet  was  reduced  by  a 
factor  of  Z.  The  amount  of  metal  going  into  the  jet 
was  decreased  in  accordance  with  non -steady  - state 
hydrodynamic  theory.  The  extrusion  of  additional 
jet  from  the  slug  was  of  little  significance.  A 
proper  velocity  gradient  was  necessary  for  good 
penetration  performance. 
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The  penetration  performance  of  liners  manu¬ 
factured  by  an  eiectrodepositing  process  showed 
an  improvement  of  approximately  10%  over  the 
standard  M9A1  Cu  liner.  The  concept  of  a  release 
wave  and  its  action  on  the  expanding  gases  cf  an 
explosive  charge  is  presented.  It  is  shown  how  tte 
release  wave  loads  to  a  zone  of  high  pressure  and 
density  behind  the  detonation  wave  and  how  the 
shape  of  this  zone  influences  the  collapse  velocity 
of  the  liner.  These  concepts  are  applied  to  the 
CIT  standard  charge  as  an  example.  Comparison 
with  the  results  computed  from  slug  recovery  data 
indicated  that  more  refinement  of  the  release 
wave  theory  is  needed.  A  shaped  cliargc  antitank 
mine  was  shot  to  test  the  basic  soundness  of  a 
proposed  design.  The  results  Indicate  the  feasi¬ 
bility  of  employing  shaped  charges  in  land  mines. 
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A  fragment  gun  using  small  steel  cylinders  sur¬ 
rounded  by  Woods  metal  was  satisfactory  for 
producing  fragments  of  known  shape  and  mass 
with  velocities  greater  than  3000  m./sec.  Frag¬ 
ment  guns  tested  were  limited  by  a  large  ratio  of 
explosive  mass  to  fragment  mass,  and  a  dis¬ 
crepancy  between  fragment  velocities  from  the  gun 
and  those  from  model  charges.  Tests  designed  to 
Increase  the  efficiency  of  the  gun,  to  produce 
larger  fragments,  and  to  determine  the  source  of 
velocity  differences  axe  planned. 
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A  detailed  analysis  of  the  theory  developed  by 
T.  E.  Sterne  for  the  velocity  of  a  fragment  pro¬ 
pelled  from  the  end  of  an  explosive  charge  Is  de¬ 
scribed,  with  special  attention  to  the  physical 
picture  Implied  by  the  mathematical  assumptions. 
The  results  indicate  that  the  method  used  by 
Sterne,  while  leading  very  simply  to  accurate  pre¬ 
dictions  of  the  final  velocities  achieved  by  such 
fragments,  cannot  be  modified  in  any  manner  to 
provide  a  satisfactory  picture  of  liner  accelera¬ 
tion;  therefore  it  cannot  be  used  in  the  development 
of  a  theory  of  fragment  direction.  (Contractor’s 
abstract) 
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The  release  wave  theory  was  tested  with  Comp.  B 
charges  lined  with  discs  of  varying  thickness.  The 
critical  value  of  D/1  (D=charge  diameter,  Ucharge 
length)  was  about  1.3,  as  compared  with  the  value 
0. 75  for  Pontollte.  The  relatively  large  critical 
value  of  D/1  observed  for  Comp,  B  was  in  agree¬ 
ment  with  known  characteristics  of  Ujat  explosive 
and  Pentolite.  Tests  were  completed  with  charge 
designs  of  Comp.  B  having  high  c/m  values.  The 
liners  consisted  of  Woods  metal  discs  with  5/20-in. 
holes  drilled  in  the  centers  to  accommodate  small 
steel  fragments  of  various  thicknesses.  No  frag¬ 
ment  break-up  was  observed  for  values  ol  c/m 
less  than  a!?out  39,  at  which  a  fragment  velocity 
of  approximately  6.  43  cm. /sec.  was  obtained. 

The  probability  of  fragment  break-up  remained 
small  for  c/m  less  than  50,  but  above  c/m-30, 
the  fragments  might  break  up  or  shatter.  Charges 
were  fired  into  armor  plate  targets  to  determine 
the  feasibility  of  applying  end-fragmentation 
principles  to  the  design  of  antitank  land  mines. 

Two  charges  of  cast  TNT  were  fired  at  18-  and 
24-in.  standoffs.  At  18-in.  standoff,  2.75  in.  of 
armor  plate  was  penetrated,  and  at  24  in. ,  a  2-in. 
perforation  was  observed.  A  third  charge  of  cast 
Comp.  B  fired  at  20-ln.  standoff  perforated  6 
1-in.  armor  plates  and  Indented  0.  75  In.  In  the 
7th  plate.  The  velocities  measured  for  the  TNT 
charge  were  3880  and  3400  m./scc.  for  the  18- 
and  24-in.  standoffs,  respectively.  The  Comp.  B 
charge  produced  fragments  traveling  at  3960 
m./sec.  at  20-in,  standoff.  It  wan  concluded  that 
the  general  design  uaed  would  be  satisfactory  for 
use  as  an  antitank  mine. 
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Tests  on  a  proposed  design  for  air  antitank  mine 
showed  *hr.t  improper  burial  of  mines  could  make 
them  completely  inc'.ficient,  although  earlier  tests 
showed  their  potential  penetrating  power  to  be  over 
6  in.  End-fragmentation  warhead  tests  were  con-' 
tinued  to  determine  the  applicability  of  the  principle 
under  different  conditions.  It  was  desired  tc  change 
the  warhead  design  to  decrease  the  c/m  ratio  and. 
the  number  of  fragments.  Thus,  much  larger 
fragments  with  grealer  terminal  destructive  power 
would  be  produced  and  the  energy  lost  because  ol  . 
air  drag  would  be  reduced.  The  tests  showed  that 
the  fragmentation  principle  was  easily  adapted  to 
the  design  of  warheads  for  antiaircraft  missiles. 
The  principle  was  very  flexible  with  regard  to 
fragment  velocity,  fragment  mass,  number  of 
fragments,  and  penetrating  power. 
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Results  described  indicate  a  limit  of  about 
150  r.  p.  s.  for  complete  compensation  of  the 
detrimental  effects  of  rotation  by  use  of  linear 
flutes  on  the  standard  57-mm.  liner  of  0. 045-ln. 
wall  thickness.  In  order  to  achieve  performance 
equivalent  to  the  static  performance  of  the  smooth 
liners  at  spin  rates  above  150  r.  p.  s. ,  it  will 
evidently  be  necessary  to  use  a  nonlinear  relation 
between  flute  depth  and  position  on  the  liner,  or  to 
modify  the  design  of  the  blank  liner.  Results  of 
an  exploratory  test  using  blanks  with  walls  thicker 
than  the  standard  0.045  In.  show  promise  of 
increasing  the  spin  rates  and  the  consistency  in 
performance  by  simply  increasing  the  thickness  of 
the  blanks.  Fortunately  the  curve  of  penetration 
liner  thickness  is  very  flat  for  smooth  liners  fired 
statically.  Consequently,  much  thicker  blank 
liners  can  be  used  without  much  reduction  In 
penetration.  Thick  liners  also  are  alfected  less 
by  rotation.  Attempts  to  simplify  the  manufacture 
of  fluted  liners  by  using  flute  profiles  that  can  be 
formed  by  a  milling  process  yielded  negative 
results.  An  exploratory  investigation  of  smaller 
numbers  of  flutes  than  have  been  ordinarily  used 
also  unsuccessful.  Graphical  daia  are  appended 
showing  slug  mass  peak  penetration  for  all  lots 
of  fluted  57-mm.  liners  fired  to  date.  Appendix  II 
gives  brief  descriptions  of  standardized  pro¬ 
cedures  for  recovering  slugs  and  partially  col¬ 
lapsed  fluted  liners.  (Contractor’s  abstract) 
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Results  of  tests  with  smooth  liners  fired  both 
statically  and  rotated  are  described.  The  pene¬ 
tration  depth  vs.  rotational  frequency  cur-'e  is  in 
excellent  agreement  with  a  previous  determination 
usmg  a  different  explosive;  this  control  curve  ie 
now  quite  well  defined.  Penetration  depth  vs. 
penetration  time  data,  obtained  in  this  experiment 
for  the  first  time,  support  the  hypotheses  advanced 
previously  that  the  jet  from  near  the  base  is 
strongly  aflccted.  Preliminary  results  have  been 
obtained  with  M6  liners  modified  to  be  similar  to 
standard  57-mm.  liners  except  for  their  consider¬ 
ably  thicker  wall.  The  peak  penetration  with  the 
modified  M6  is  somewhat  less  than  that  produced 
by  the  standard  57-mm.  liner  with  the  standard 
laboratory  confinement;  it  is  likely,  however,  that 
the  MS  performance  may  be  raised  to  the  level  of 
the  standard  57- min.  liner  by  using  heavier  con¬ 
finement.  NBS  lot  no.  1M6-34  fluted  liners  have 
been  tested  and  the  results  of  these  tests  are  in¬ 
cluded  in  this  report.  The  combined  data  from 
lots  IMS-25  and  1M0-34  show  85%  to  100%  com¬ 
pensation  at  120  to  130  r.  p.  s.  Thus,  a  flute  design 
which  was  entirely  unsatisfactory  on  Ihe  standard 
57-mm.  blank  gave  excellent  results  on  the  thicker 
walled  blank.  (Contractor's  abstract) 
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A  b  order  theory  for  the  behavior  of  fluted  liners, 
based  on  shock  wave  concepts,  was  received 
from  L.  H.  Thomas,  and  analyzed  In  a  first  at¬ 
tempt  to  determine  its  possible  usefulness  In 
treating  fluted  liners.  Thomas's  paper  (item, 
no.  L334)  is  included  in  this  rept.  together  with  a 
description  of  the  analysis  carried  out,  and  a 
comparison  of  computations  with  experimental 
observation.  At  present,  it  appears  that  the  theory 
is  either  incomplete  or  that  the  approximations 
are  too  poor  to  yield  agreement  with  experiment. 
The  physical  concepts  a>-G  very  satisfying,  how¬ 
ever,  and  the  theory  seems  to  afford  a  guide  of 
use  In  the  design  of  special  fluted  liners  and  the 
modification  of  past  designs.  Recent  experimental 
results  of  a  considerable  variety  are  described. 
The  first  successful  pictures  with  the  newly 
installed  Kerr  ceil  camera  arc  shown.  Experi¬ 
ments  in  which  increased  confinement  has  caused 
liners  having  wall  thickness  much  greater  than  the 
ordinary  to  perform  better  than  the  standard 
liners  are  described.  Preliminary  tests  were 
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conducted  in  which  peripheral  initiation  was  used 
in  an  attempt  to  improve  performance  with  steel 
liners  and  the  results  are  discussed.  Exploratory 
tests  on  effects  of  certain  liner  and  charge  Imper¬ 
fections  including  the  effects  of  flutingthe  explosive 
charge  instead  of  the  metal  liner;  and  preliminary 
results  with  a  non-destructive  system  of  gauging, 
intended  to  be  the  fore-runner  of  a  system  by  which 
every  fluted  liner  tested  could  be  gauged  prior  to 
testing,  are  also  described.  (Contractor's  abstract) 
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Tests  were  conducted  with  a  series  of  57-mm. 
fluted  liners  formed  on  0.  003-ln.  wall  blanks 
instead  of  the  previously  tested  0.  045-ln.  blanks. 
Thcse.tests  showed  that  Ilutings  formed  on  heavy 
blanks  may  prove  quite  usefuL  The  heavier  liners 
produced  smaller  penetrations  under  test  condi¬ 
tions,  but  the  performance  level  of  the  heavier 
liner  may  be  improved  by  heavier  confinement. 

The  relatively  flat  penetration  frequency  curves 
indicated  that  fluted  liners  formed  on  these  blanks 
may  have  some  advantage  for  field  use.  Additional 
preliminary  tests  of  fluted  charges  with  smooth 
liners  indicated  that  variations  in  flute  depth  in 
the  master  produced  little  change  In  the  exhibited 
compensation  frequency  curve,  and  the  peak 
penetration  obtained,  were  closely  related  to  those 
of  the  parent  fluted  liner  group.  The  fluted  liners 
that  were  tested  are  not  suitable  for  checking  the 
0  order  theory  proposed  by  L.  H.  Thomas.  Fluted 
liners  manufactured  according  to  the  design  pro¬ 
posed  by  L.  H.  Thomas  will  be  procured  to  test 
this  theory,  it  is  believed  that  a  higher  order  of 
approximation  will  he  required  before  the  theory 
will  agree  with  experiments. 

L464 

Carnegie  Institute  ol  Teclmology  (DA36-061-ORD-122). 
FUNDAMENTALS  OF  SHAPED  CHARGES. 
Bimonthly  rept.  no.  1.  Dec.  31,  1951,  30p.  Incl. 
dlagrs.  (Rept.  no.  C1T-ORD-36)  (Formerly 
contract  DA-36-OG1-ORD-23)  TIP  C7303 

Confidential 

The  formation  of  the  high  pressure-high  density 
(HPHD)  zone  behind  the  detonation  wave  in  an 
exploding  charge  is  described  in  terms  cf  the 
release  wave  theory;  a  release  wave  is  the 
characteristic  surface  (density  and  particle  veloc¬ 
ity  constant)  on  which  the  pressure  has  diminished 
to  such  a  value  as  to  have  a  negligible  effect  on 
propulsion  of  the  liner.  In  order  to  apply  the  theory, 
the  time  At  between  the  arrival  of  detonation  and 
release  wave  at  each  point  of  the  liner  must  be 
known.  An  indirect  method  of  determination  used 
measured  fragmenl  velocities.  The  results  of  this 
method  did  not  agree  with  observations  made  by 


the  flash  radiographic  technique.  This  discrepancy 
was  eliminated  by  taking  into  account  the  relative 
motion  of  liner  and  product  gases.  A  justification 
Is  given  for  the  normalizing  procedure  employed 
in  the  transition  from  an  ideal  semi-infinite  charge 
to  the  charge  used  in  practice. 
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A  detailed  analysis  is  given  for  a  l-dimers!onal 
semi-infinite  explosive  which  propels  a  liner  from 
1  er.d  of  the  charge.  The  wave  motion  in  the  en- 
plosive  and  in  the  liner  are  considered,  and  the 
analysis  for  a  rigid  liner  is  obtained  by  a  limiting 
process  in  which  the  shock  velocity  in  the  liner 
approaches  infinity.  The  solution  for  a  rigid  liner 
is  also  obtained  directly  by  the  method  of  Rlemann 
characteristics.  An  analysis  of  a  finite  1 -dimen¬ 
sional  charge  is  also  given;  the  solution  is  re¬ 
stricted  to  the  case  cf  a  poiytropic  gas  with  y  =3. 
Results  indicate  that  calculations  for  a  serai- 
infinite  charge  are  capable  of  describing  the  early 
stages  of  motion  of  the  liner  to  good  approxima¬ 
tion.  With  this  approximation,  the  wave  propaga¬ 
tion  can  be  described  with  relative  ease.  By 
studying  experimentally  the  early  stages  of  liner 
motion,  it  should  be  possible  to  obtain  fundamen¬ 
tal  information  about  equations  of  state  for  ex¬ 
plosive  products  and  metals  at  high  pressures. 

The  calculations  for  1-dimensional  charges  in¬ 
dicate  that  the  shock -wave  propagation  !n  the 
liner  may  be  neglected  and  the  liner  treated  as  a 
rigid  body  to  good  approximation,  except  in  the 
early  stages  of  liner  motion,  The  initial  conditions 
for  the  detonation  products  were  found  to  sig¬ 
nificantly  affect  the  asymptotic  motion  of  ihellner. 
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A  partial  summary  Is  given  of  the  work  done  on 
Kerr  cell  photography  and  the  results  obtained  with 
this  technique.  By  means  of  the  methods  discussed, 
which  utilize  the  largest  Kerr  cell  used  so  far, 
it  is  possible  to  obtain  exposure  times  of  3  x  10-‘ 
sec.  triggered  by  the  phenomenon  and  synchronized 
With  an  external  light  source  of  3  to  5  x  10®  candle 
power.  The  methods  which  were  developed  for  the 
photography  of  jets  from  shaped  charges  were 
found  to  be  applicable  to  a  large  variety  of  high¬ 
speed  phenomena,  such  as  the  detonation  of  ex¬ 
plosive  charges,  propagation  of  shock  waves 
through  transparent  solids  and  liquids,  and  the 
problem  of  crack  propagation  in  brittle  solids 
such  as  glass. 
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A  theoretical  and  experimental  Investigation  ol  the 
peripherally  Initiated  charge  Is  reported.  The 
release  wave  theory  has  been  applied  to  1  charge 
design  which  uses  ihe  M9AI  steel  liner,  and  a 
semi-quantitative  explanation  of  the  beneficial  ef¬ 
fect  on  the  penetration  performance  of  this  design 
is  obtained.  The  experimental  results  Indicate 
that  an  improvement  in  penetration  occurs  when  the 
detonation  wave  is  shaped  by  peripherally  initiating 
it.  However,  the  increased  performance  appears  to 
be  quite  sensitive  to  charge  conditions  and  to  small 
differences  between  liners.  The  release  wave 
theory  has  now  been  applied  to  the  standard  charge 
with  a  number  of  different  44°  liners.  These 
calculations  are  compared  with  experiment  and 
certain  trenas  are  noted.  The  preliminary  results 
of  the  experimental  technique  of  Inhibiting  the 
collapse  of  the  liner  at  predetermined  locations  are 
reported.  The  method  of  inserting  steel  dies, 
called  liner  collapse  Inhibitors,  inside  the  liner  to 
isolate  different  lengths  of  jet  by  Interrupting  the 
collapse  process  Is  described. 
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Experiments  with  du  Pont  Jet  tappers:  The  jet  tap¬ 
per  consisted  of  2  oz.  of  RDX  in  which  was  em¬ 
bedded  an  80°  Cu  liner  of  1. 75  in.  base  diameter 
and  o. 025-in.  wall  thickness.  The  charge  was  con¬ 
fined  in  a  Durez  plastic  case.  An  initial  rept.  by 
the  Flintkote  Co.  indicated  that  the  charges  were 
less  variable  in  performance  than  most  jet  charges; 
a  subsequent  rept.  3howed  that  the  jot  tappers  had 
deteriorated  and  gave  only  average  results.  By 
using  inverted  Dixie  cups  as  supports  for  the 
charges,  the  target-penetrating  effect  of  U;e  blast 
was  reduced.  The  average  penetration  of  chargr  i 
fired  while  mounted  on  epen-endc-d  tubes  was 
6. 77  in. ,  with  a  standard  deviation  of  +  0.  B2  in. 

With  the  Dixie  cups  the  average  penetration  was 
6.08  in.,  and  the  standard  deviation  was  +  0.39 In. 
The  average  penetration  was  reduced  about  17$ 
when  the  disc  was  placed  at  the  base  of  the  80° 
liner  in  the  jet  tappers.  Increased  penetration  of 
the  target  was  observed  when  the  spherical  disc, 
which  formed  the  bottom  of  the  base  of  the  liner. 
Similar  tests  with  45n  C1T  liners  did  not  result  In 
change  in  penetrating  effect.  The  effect  of  mag¬ 
netization  on  the  stopping  power  of  steel  was  also 
studied  without  conclusive  results.  Glass  as  a  tar- 
get  material:  The  apparent  rebound  effect  of  glass  ' 
was  investigated  by  which  a  steel  blast  plate,  set 
on  top  of  a  plate  of  glass,  was  not  perforated  by  a 
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metallic  jet  but  was  deformed  away  from  the  glass 
surface.  Indirect  evidence  indicates  that  the  metal 
jet  acquires  particle  nature  when  penetrating 
glass. 
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Results  are  given  for  the  analysis  of  a  1-dlmen- 
sfonal  semi-infinite  explosive  which  propels  a 
liner  from  1  end  ol  the  charge.  The  wave  motions 
in  the  liner  and  explosive  products  have  been 
considered  In  detail.  The  analysis  for  a  rigid 
liner  has  been  obtained  by  a  limiting  process  In 
which  the  shock  velocity  fr.  lhe  liner  approaches 
infinity.  The  results  of  the  analysis  or  a  finite  1- 
dimensional  charge  of  length  1  are  also  given.  The 
asymptotic  motion  of  a  liner  propelled  from  1  end 
of  the  finite  charge  differs  little  from  the  asymp¬ 
totic  motion  predicted  by  Sterne’s  theory.  However, 
the  present  analysis,  provides  a  quantitative  de¬ 
scription  c£  the  early  stages  ol  motion  ol  the  liner 
and  detonation  products  that  Is  based  on  Initial  con¬ 
ditions  that  are  physically  more  realistic.  (Con¬ 
tractor’s  abstract) 
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The  physical  reasoning  behind  the  formation  of  a 
high  pressure,  high  density  (HPHD)  zone  In  Ihe 
product  gases  ol  an  exploding  Unite  3-dimensIonal 
charge  is  described.  An  explanation  of  the  forma¬ 
tion  of  this  zone  is  accomplished  through  the  con¬ 
cept  of  a  release  wave.  An  experimental  method 
by  which  (he  velocity  of  the  release  wav-'  may  be 
determined  Is  discussed.  The  results  ol  this 
method  lead  to  an  apparent  discrepancy  with  obser¬ 
vations  made  by  the  Hash  radiographic  technique. 
However,  it  is  shown  that  this  discrepancy  can  be 
partly  resolved  by  considering  the  motion  of  the 
liner  relative  to  the  product  gases.  In  addition,  a 
justilication  is  given  for  the  normalizing  procedure 
employed  in  the  transition  from  the  semi-inlinlte 
charge  of  the  previous  part  of  the  rept.  to  the  3- 
dimensional  charge  used  in  practice.  (Contractor’s 
abstract) 
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Four  binary  charges  (charges  consisting  of  more 
than  l  type  of  explosive  in  appropriate  shapes) 
were  tested  in  an  attempt  to  gain  fundamental  in¬ 
formation  on  the  control  of  fragment  direction. 

The  charges  were  shaped  like  right  circular 
cylinders,  4  in.  in  diameter  by  2  tn.  in  height 
m  The  core,  a  solid  cone  with  a  90°  apex  angle  and  a 
base  diameter  of  4  In. ,  consisted  of  1  type  of  ex¬ 
plosive,  with  a  complimentary  component  of  ap¬ 
propriate  shape  made  from  a  second  type  of  ex¬ 
plosive.  The  explosives  used  in  the  tests  we  re 
50/50  pentolite  and  a  mixture  of  TNT  and  litharge. 
Tvoo  general  designs  were  tested;  In  1,  the  base  of 
the  cone  was  in  contact  with  the  liner,  and  in  the 
other,  the  apex  of  the'  cone  was  in  contact  with  the 
liner.  In  all  cases,  the  liners  used  were  grooved 
steel  discs  1/16  in.  thick  and  4  in.  in  diameter, 
the  grooves  being  spaced  in  such  a  manner  as  to 
produce  fragments  1/B-in.  square.  Results  showed 
that  the  binary  charges  afforded  control  over  frag¬ 
ment  direction,  but  the  changes  in  fragment  direc¬ 
tion  were  much  greater  than  would  be  desired  in 
practice.  It  was  also  observed  that  the  penetra¬ 
tions  seemed  to  be  sensitive  only  to  the  type  of 
explosive  in  contact  with  the  liner  and  not  partic¬ 
ularly  to  the  depth  of  that  explosive  behind  the 
liner. 
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A  series  of  exploratory  experiments  leading  tothe 
design  of  more  efficient  fragments  to  Improve  the 
performance  of  warheads  are  reported.  The  rea¬ 
sons  underlying  the  expectation  of  improved  per¬ 
formance  characteristics  by  seif-forging  fragments 
are  given,  and  a  simple  fragment  design  which 
should  fulfill  these  expectations 's  described.  The 
general  design  chosen  to  be  tested  was  a  small 
tapered  cone  of  0.  S— In.  base  diameter  and  varying 
combinations  of  internal  and  external  angles.  A 
number  of  variables  were  investigated  to  determine 
their  effect  on  the  performance  of  the  self-forging 
fragments.  These  variables  included  explosive 
material,  cone  surround,  cone  material,  and  cone 
geometry.  Within  the  range  of  the  variables  tested 
the  best  performance  was  achieved  by  unsurrounded 
cones  of  low  C  steel  with  inicmal/external  angle 
combinations  in  the  neighborhood  of  140/120°,  shot 
from  Comp.  B  charges.  A  direct  comparison  be¬ 
tween  the  self-forging  fragment-type  liner  and  2 
flat-ended  cylinders,  each  of  which  had  1  of  the 


advantages  of  the  former,  was  made.  It  was  found 
that  the  penetration  achieved  by  the  self-forging 
fragment  was  2-1/3  times  that  of  the  better  pene¬ 
trating  of  the  2  cylinders,  while  its  velocity  was 
equal  to  that  of  the  faster.  (Contractor’s  abstract) 

L473 

Carnegie  Institute  of  Technology  (DA3C-061-ORD-122). 
MISZNAY-SC  HARDIN  EFFECT,  by  J.  A.  Dreesen, 
R.  J.  Eichelberger,  and  W.  F.  Donaldson-  Bi-  ■ 
monthly  rept.  no.  4.  June  30,  1952,  20p.  incL 
Ulus,  dlagro.  (Rept.  no.  CIT-ORD-M2Q) 

TIP  C59297  Confidential 

Experimental  work  performed  with  peripherally 
initiated  warheads  is  discussed..  The  peripheral 
Initiators  used  with  the  standard  model  warhead 
were  litharge  cores  Eumronded  on  all  sides, 
except  a;  the  point  of  contact  with  the  charge,  by 
a  0.25-in.  layer  of  50/50  pentolite.  All  charges 
were  equipped  with  1/1 6- In.  thick  grooved  steel 
liners,  and  were  fired  from  43  In.  standoff  at 
24- x?,4-x  0. 25-in.  steel  target  plates.  It  was  con¬ 
cluded  that  fragment  distribution  when  compared 
with  that  ol  point-initiated  charges,  was  Improved 
by  using  the  peripheral  Initiators.  For  cylindrical 
charges  with  a  length  to  diameter  ratio  of  D.  246, 
the  optimum  initiator  diameter  was  between  0.2 
2nt‘  0. 3  charge  diameters.  Tests  with  binary 
charges  showed  that  fragment  velocities  were 
increased  by  using  these  charges  made  with  a 
core  of  slow  explosive  surrounded  by  a  layer  or  a 
second  explosive  with  a  higher  detonation  rate;  A 
possible  explanation  for  the  observed  effect  was 
advanced,  based  upon  the  formation  of  a  Mach 
bridge  at  the  intersection  of  the  converging  detema- 
tion  wave  in  the  slow  core. 
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The  results  of  a  number  of  experiments  with  3 
type3  of  fragment  guns,  conJined,  binary  (fast  and 
slow  core),  and  peripherally  initiated  are  given. 
Control  data  obtained  from  unconfined  point- 
initiated  charges  are  also  presented.  It  is  shown 
that  all  3  of  these  fragment  gun  types  are  capable 
of  producing  axial  fragment  velocities  in  excess  of 
those  obtained  with  the  control  citarges.  For  this 
purpose  the  wave  shaping  charges  (slow  core  binary 
and  peripherally  initiated)  are  the  most  successful. 
The  confined  fragment  gun  gives  axial  fragment 
velocities  only  slightly  greater  than  the  unconfined 
point-initiated  charge.  The  maximum  fragment 
velocities  obtained  in  the  experiments  were: 

Point-iniiiatc-d  (unconfined)  0. 4l5cm./uf>ec. 

Point-initiated  (confined)  0.435  ” 

Slow  core  binary  (unconfined)  0.  534  "  •* 

Peripherally  initiated  (unconfined)  0. 4B7.  "  ” 

(Contractor's  abstract) 
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Further  tests  were  conducted  on  model  warheads 
lined  with  mosaic  arrays  ol  Individual  cells. 

(item  no.  L445).  For  a  given  charge  weight, 
mosaic  liners  were  inferior  to  integral  discs  from 
the  standpoint  of  depth  of  penetration  and  fragment 
velocity.  This  was  apparently  caused  by  the 
leakage  of  the  explosive  gases  between  the  cells. 
However,  with  respect  to  the  number  of  cells 
v/ithin  the  lethal  area,  the  mosaic  liner  was 
superior-  to  the  integral  disc.  The  release  wave 
theory  predicts  an  Increase  In  velocity  given  to 
individual  cells  of  the  mosaic  arrays  as  their 
distance  from  the  center  increases;  this  was 
observed.  Though  the  theory  further  predicts  that 
this  velocity  passes  through  a  maximum  before 
the  periphery  is  reached,  this  was  not  observed. 
Attempts  to  use  tracers  in  the  liners  for  Justifying 
the  statistical  procedure  used  in  the  test  evaluations 
were  not  completely  successful. 
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Experimental  data  on  fluted  liners  contained  in 
this  rept.  make  possible  a  comparison  of  (nominally) 
identical  liuieu  liner  designs  formed  on  smooth 
blanks  of  3  different  wall  thicknesses.  The  results 
show  that,  for  the  linear  flute  design  tested,  the 
thicker  walled  liner  produces  the  higher  per¬ 
centage  compensation  for  lh.e  effects  of  rotation, 
but  at  a  lower  spin  frequency.  The  same  experi¬ 
mental  data  also  make  passible  a  comparison  of 
different  flute  depths  for  flutes  formed  sharp  on 
tho  exterior  of  the  standard  57- mm.  liner.  The 
results  show  the  anticipated  linear  relationship 
between  flute  depth  and  compensation  frequency. 
Preliminary  gauging  data  from  a  few  liners  of 
Ifcifi  group  are  discussed  relative  to  other  gauging 
data  and  to  dynamic  performance.  Additional  data 
concerning  the  effects  of  rotation  on  smooth  liners 
are  described  and  a  comparison  of  2  blank 
lincis  differing  only  in  wall  thickness  is  discussed. 

It  is  shown  that  (percentage-wise)  the  heavier  blank 
does  not  degrade  as  much  as  the  lighter  blank  at  a 
given  spin  frequency.  Control  data  on  penetration 
depth  as  a  function  of  standoff  distances  are 
discussed.  It  is  Indicated  that  the  penetration 
performance  of  tho  Cu  liners  being  used  for 
compensation  tests  at  present  is  reasonably 
Independent  of  standoff  in  the  2. 0-ln.  to  8. 0-ln. 
standoff  range.  (Contractor's  abstract) 
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A  gauging  Installation  using  an  electro-mechanical 
transducer  of  the  type  known  an  a  "linear  dif-  ' 
ferential  transformer"  and  an  electrical  recorder 
is  described.  As  the  apparatus  has  been  used,  the 
equipment  has  a  precision  of  approximately 
0.  00013  in.  and  the  entire  gauging  system  ha3  a 
precision  of  approximately  0. 00018  in.  For  the 
lluted  liner  groups  discussed,  the  variability  in  a 
given  ring  may  tie  thatvcterlzed  by  a  standard 
deviation  of  0.  0002  In.  to  0. 0006  In.  and  the 
variability,  in  the  pressing  process,  Irons  liner  to 
liner  in  a  given  group  can  usually  be  characterized 
by  a  standard  deviation  of  0.  G002  In.  The  results 
discussed  Indicate  that  there  Is  considerable 
variation  from  flute  to  flute  In  the  dieB  used  to 
flute  the  liners.  Also,  the  "statistical"  flute 
characterizing  these  liners  is  nonlinear.  Kerr 
cell  photographs  ol  confined  and  unconfined  charges 
(42°  A1  and  steel  liners,  1.69-in.  base  diameter, 
0.045-in  wail  thickness)  are  shown,  Unconflned 
charges  gave  satisfactory  photographs,  but  when 
they  were  confined  the  jets  were  always  enclosedby 
an  opaque  cloud.  Liner  wall  thickness  was  considered 
to  be  an  important  factor  because  tests  with  heavy 
A1  liners  yielded  better  pictures  than  tests  with 
thinner  liners.  (Contractor's  abstract) 
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Results  from  6  lots  of  fluted  liners  are  reported. 

The  liners  were  all  formed  under  large  pressures 
between  matched  metal  dies.  Comparisons  of 
results  from  2  fluted  liner  lots  show  that  dies 
formed  by  the  "bobbing"  process  can  be  reproduced 
quite  well,  fin  making  the  die,  a  "hob"  having  the 
dimensions  of  the  die  cavity  is  machined  Li  the  samr 
manner  as  the  punch.  The  "hob"  is  then  hardened 
and  pressed  into  the  die  block  to  form  the  die  cavity. 
Comparison  of  results  of  3  fluted  liner  lots  Indlcalec 
that  the  relative  Indexing  of  Interior  and  exterior 
fluted  dies  could  be  an  Important  factor  In  deter¬ 
mining  the  optimum  frequency  of  a  fluted  liner 
design.  Preliminary  results  from  2  other  fluted 
liner  groups  designed  to  investigate  some  funda¬ 
mental  aspects  of  compensation  are  also  discussed. 
Ir.  particular,  liners  fluted  Internally  but  perfectly 
smooth  on  the  exterior  have  demonstrated  very 
good  performance  at  an  optimum  spin  frequency  of 
-100  r.  p.s.  Control  tests  designed  to  investigate 
the  eilects  of  charge  length  upon  penetration  depth 
for  charge  configurations  of  interest  in  .ammunition 
are  discussed.  Results  with  the  standard  42°  apex. 
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•  1  *.w-ni.  uase  diameter  Cu  liner 

in  a  1-5/8  in.  diameter  Comp.  B  char gr  shewed 
t..it  charge  length  could  he  varied  over  fairly 
vv!de  limits  with  very  little  effect  on  Ihe  penetn- 
Lion,  hut  the  hole  volume  depended  quite  markedly 
upon  the  charge  length.  3 
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A  unified  picture  of  the  current  status  of  under¬ 
standing  of  the  spin  compensation  achieved  by 
Euted  conical  liners  is  presented.  He  experi¬ 
mental  observations  described  were  taken  from  the 
detailed  accounts  written  by  this  and  other  groups 
since  World  War  n,  with  the  objective  of  presenting 
only  khe  salient  features  which  may  possibly  be 
explained  by  theoretical  treatment  based  cn  simpli¬ 
fied  representations.  Explanations  proposed  so  far 
for  spin  compensation  achieved  by  fluted  liners  were 
ccllected  and  studied  to  determine  the  practical 
significance  of  each  explanation  ir.  terms  of  the 
available  experimental  evidence.  The  following 
subjects  were  considered: 


I.  Experimental  observations 

a.  Qualitative  features  of  spin-compensation 

b.  Quality  of  compensating  liners 
n.  Liner  and  charge  design 

a.  Liner  design 

b.  Charge  design 

m.  Mechanisms  for  compensation  of  incompres¬ 
sible  liners 

a.  ERL  theory 

b.  Physical  basis  for  compensation 

c.  Approximate  calculations  of  the  compensa¬ 

tion  frequencies  produced  by  thick-thin 
and  transport  effects 

IV.  Approximate  treatment  of  compensation  Tor 
compressible  IlnerB 

a.  Rotational  impulse  due  to  the  first  refracted 

shock  In  the  liner 

b.  Rotational  impulse  due  to  the  first  reflected 

wave  In  the  liner 

c.  Discussion  of  cumulative  effects  for  com¬ 

pressible  liners 

d.  Comparison  with  U  H.  Thomas*  theory 
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Four  lots  of  fluted  liners  were  tested  in  which  only 
the  number  of  flutes  was  intentionally  varied. 

Only  qualitative  conclusions  were  drawn  because 
of  accidental  variation  in  other  parameters  It 
was  pointed  out  that  there  is  an  optimum  number  of 


flutes  between  12  and  20  which  gives  the  maximum 
frequency  of  compensation  for  a  given  flute  depth 
A  series  oi  tests  with  smooth  liners  showed  that  ’ 
the  relative  degradation  in  penetration  due  to  spin 
was  independent  of  (he  liner  thickness,  at  least 
over  the  range  of  thicknesses  between  15  and  40$ 
of  the  liner  diameter.  Another  set  of  tests  of  a 
purely  practical  nature  demonstrated  a  method  of 
ca=*‘ng  charges  by  base  alignment  of  the  liners 
that  appeared  to  be  as  good  as  the  standard  pro¬ 
cedure  of  liner  alignment  used  previously.  Per¬ 
formance  dais,  are  shown  for  3  groups  of  M9AI 
steel  liners  fired  unconfined  at  4-in.  standoff.  One 
group  which  was  cast  in  the  standard  CIT  mold 
gave  an  average  penetration  of  5. 46  in.  and  pro¬ 
duced  an  average  hold  volume  of  13. 1  cu.  in 
Tile  second  group  cast  "as  Is"  in  molds  which  used 
the  liner  llange  to  align  the  liner  In  the  charge 
produced  an  average  penetration  of  5.73  in.  and 
an  average  hole  volume  of  12. 94  cu.  In.  The  third 
group  was  alsc  cast  in  a  base-aligning  mold,  but 
the  liner  flanges  were  machined  before  casting. 

The  average  penetration  for  this  group  wa3  5. 74 
in.  and  the  average  hole  volume  was  13. 9  cu.  in. 

It  was  concluded  that  liners  having  flanges 
properly  oriented  with  respect  to  the  liner  axis  and 
cast  by  base  alignment  techniques  yielded  pene¬ 
trations  and  variabilities  comparable  to  those 
obtained  with  liners  cast  in  the  standard  CIT  molds. 
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Six  lots  oi  fluted  Cu  liners  were  tested  to  deter¬ 
mine  the  effect  of  varying  only  the  relative  Indexing 
of  inside  and  outside  flutes.  The  liners  were  cast 
into  the  standard  CIT  charge  (1-5/8  in.  diameter 
x  5  in.  long)  of  Comp.  B  or  50/50  Pentollte  and 
fired  at  6-in.  sfnndnff  into  mild  steel  tarr^*  plains 
at  the  desired  spin  rates.  A  difference  of  in-  * 
dexing  of  about  0. 25  of  a  flute  resulted  In  a  com¬ 
pensation-frequency  change  of  200  r.  p.  s.  Com¬ 
parison  of  fluted  Cu  and  nteel  liners  of  the  same 
design  indicated  that  there  were  no  significant 
differences  in  their  compensation  frequencies 
Tests  with  smooth  liners  showed  that  penetration 
degradation  owing  to  rotation  was  the  same  for 
both  Cu  and  steel  liners  and  was  independent  of 
wall  thickness  over  a  range  of  1. 5  -  4.  C%  of  the 
liner  diameter.  Data  are  given  showing  rotational 
fr.-quency  (r.  p.  s.)  and  penetration  in  inches. 
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The  spectral  distribution  oi  radiant  energy  from 
an  electrically  exploded  wire  [selected  as  a  light 
source  f or  Kerr  cell  photographs}  Is  considered 
and  some  unsuccessful  attempts  at  increasing  lto 
luminous  efficiency  by  converting  Ihe  UV  energy 
to  visible  light  with  fluorescence  are  described. 

It  is  shown  that  contrary  to  estimates  of  others, 
the  percentage  of  UV  light  from  tills  source  Is 
small. 
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The  results  oi  slug  recovery  experiments  and 
release  wave  studies  on  22°  angle  Cu  liners  are 
r  eported,  and  their  performance  chara'cterlstlco 
are  compared  with  those  of  44°  Cu  liners.  These 
2  techniques  provide  independent  methods  for 
determining  V0(x)  [collapse  velocity],  Vj(x)  [jet 
velocity],  and  /3(x)  [collapse  angle].  With  tho  22° 
liners  the  agreement  between  the  2  is  better  than 
should  be  expected  from  the  known  uncertainties 
In  ihe  techniques.  With  the  44“  liners  the  dis¬ 
agreements  are  less  than  tho  uncertainties.  It  is 
shown  that  small  angle  liners  should  be  useful  in 
weapons  because  cf  their  small  optimum  standoff 
and  large  jet  energy.  It  Is  also  shown  that  explo¬ 
sive-compensated  charges  reduce  the  velocity 
gradients  in  the  Jeis  to  such  a  point  as  to  cause 
steel  and  Cu  jets  to  obey  the  jet  density  relation 
of  the  simple  penetration  theory. 

L484 

Carnegie  Institute  of  Technology  (DA3B-061-ORD-291). 
FUNDAMENTALS  OF  SHAFED  CHARGES,  by 
E.  M.  Pugh,  C.  T.  Ltnder,  F.  E.  Allison, 
and  R.  J.  Eichelberger.  Bimonthly  rept.  no.  1. 
Dec.  31,  1952,  36p.  Incl.  diagrs.  (Rept.  no. 
CIT-ORD-42)  (Formerly  contract  DA36-061-ORD- 
122)  TIP  C9036  Confidential 

The  sensitivity  of  certain  charge  designs  to  small 
alterations  in  the  shape  of  the  explosive  and  In  the 
kind  of  confinement  near  the  base  of  the  liner  is 
described.  Calculations  were  made  of  the  asym¬ 
metry  that  follows  a  spiral  from  apex  to  base  of 
the  conical  liner.  The  results  for  a  typical  case 
indicated  that  the  penetration  at  a  standoff  of  4 
diameters  would  be  reduced  to  50%  of  the  normal 
penetration  if  a  spiral  exists  in  which  the  varia¬ 
tion  in  thickness  or  density  is  as  much  as  2.  2%. 

The  study  suggested  that  spiral  asymmetry  may  be 
1  of  the  most  detrimental  types  of  asymmetry, 
particularly  in  the  case  of  Cu  liners.  The  presence 
or  absence  of  a  liner  flange  was  shown  to  be  In¬ 
consequential  with  respect  to  Ihe  performance  of 
the  jet  when  there  is  no  explosive  shoulder. 

Charges  with  explosive  shoulders  and  containing 


liners  with  and  without  flanges  were  studied  under 
various  conditions  of  lateral  and  base  confinement. 
The  study  demonstrated  how  confinement  can  alter 
the  shock  conditions  in  an  exploding  charge  so  as 
to  effect  the  performance  nl  the  jet.  The  resulting 
penetrations  and  hole  profiles  were  analyzed 
through  the  qualitative  application  ol  the  basic 
principles  of  the  release  wave  theory  combined 
with  the  nonsteady  theory  of  jet  formation.  The 
action  of  the  flange  was  shown  to  be  inconsequential 
except  under  special  conditions  when  it  has  the 
effect  of  light  base  confinement  in  causing  a 
change  in  Ihe  shock  conditions  In  the  charge.  The 
possible  usefulness  is  pointed  out  oi  the  applica¬ 
tion  of  the  basic  ideas  of  the  release  wave  theory 
when  modifications  In  weapon  design  arc  comtern- 
plated.  An  investigation  of  22°  and  44°  electro- 
deposited  liners  Indicated  that:  (1)  the  44°  liners 
were  nearly  comparable  in  penetration  perform¬ 
ance  to  the  22°  liners  and  exhibited  levs  variability 
of  penetration,  and  (2)  better  quality  44°  drawn 
liners  can  be  obtained  than  the  44°  electrodeposited 
liners  studied, 
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Tests  made  at  Aberdeen  and  CIT  were  compared. 

It  was  concluded  that  when  tests  are  made  under 
the  same  conditions,  similar  results  are  obtained. 
Three  different  laboratories,  including  the  Fllnlkotc 
Co. ,  were  in  agreement  on  the  essential  features 
of  glass  as  an  effective  protective  d evict  against 
weapons  with  lined  cavity  charges.  In  order  to 
achieve  practical  protection  with  glass,  the  glass 
blocks  were  mounted  in  a  panel  with  the  proper 
thicknesses  of  face  plate  and  backing  plate.  The 
Individual  blocks  were  separated  from  each  other 
by  a  light  cushioning  material  like  foam  rubber. 

A  similar  construction  using  gravel  high  tn  quart¬ 
zite  was  found  to  be  successful,  but  glass  blocks 
were  superior  to  gravel  since  they  were  more  com¬ 
pact.  The  face  plate  provided  increased  protection 
against  HEAT  weapons,  especially  those  that 
function  at  inferior  standoff.  It  also  protected  the 
glass  from  small  arms  five,  fragments  from 
exploding  shells,  and  from  accidental  blows.  It 
was  shown  that  the  standard  unconfined  charge 
performed  more  reliably  when  the  diameter  of  the 
charge  was  increased;  however,  the  Increase  in 
charge  diameter  did  not  produce  a  corresponding 
increase  in  average  penetration. 

L486 

Carnegie  Institute  of  Technology  (DA3S-06I-ORD-291). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  3.  Apr.  3D, 
1953,  20p.  Incl.  diagrs.  (Rept.  no.  CIT-OPD-44) 
AD-10  337  Confidential 

Experiments  reported  by  Firestone  indicate  that 
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the  liner  element?  originating  near  the  liner  base 
collapse  in  such  a  manner  that  they  follow  a  curved 
path  rather  than  the  straight  line  path  predicted  by 
existing  theories.  Such  a  curved  path  can  be  pre¬ 
dicted  if  the  current  theory  is  modified  to  take  into 
account  the  loss  of  kinetic  energy  of  these  liner 
elements  due  to  plastic  work.  Although  the  exact 
path  of  collapse  cannot  be  predicted  from  basic 
principles,  a  semi -quantitative  description  Is 
presented  which  is  in  agreement  with  the  observa¬ 
tions  reported  by  Firestone. 
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Data  are  presented  on  glass  as  a  target  material 
against  shaped  charges.  An  attempt  was  made  to 
present  a  unified  picture  of  the  results  ohtalned  at 
various  laboratories.  Specific  variables  discussed 
were  geometry  of  the  glass  target,  effect  of  face 
plate,  and  effect  of  charge  type.  Performance  of 
glass  against  the  3.  5-In,  Bazooka  is  also  discussed. 
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The  preliminary  results  of  a  systematic  investiga¬ 
tion  of  the  effect  on  the  penetration  and  on  the  jet 
characteristics  when  a  taper  is  Introduced  In  the 
wall  thickness  of  conical  liners  for  shaped  charges 
are  reported.  No  significant  change  was  observed 
In  the  penetration  depth  when  small  amounts  of  taper 
were  present.  A  small  change  la  the  initial  jet 
velocities  was  observed  and  is  compared  with  that 
which  is  predicted  by  the  release  wave  theory  In 
conjur.ctio::  with  the  generalized  theory  of  Jet  for¬ 
mation.  It  is  pointed  cut  that  this  phenomenon  in 
peculiar  to  the  generalized  theory  and  Is  not 
pred'eted  by  the  steady-state  theory.  An  appendix 
presents  in  mathematical  detail  an  approximation 
to  the  release  wave  Iheory  that  can  be  used  to 
simplify  many  calculations  involving  shaped 
charges. 
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Comp.  B  charges  of  1-5/8  in.  diameter  were 
investigated  statistically.  This  analysis  indicated 
that  the  decreased  variability  previously  as¬ 


sociated  with  the  increase  In  diameter  to  2  In. 
was  partly  attributed  to  more  careful  manufacture 
of  the  explosive.  Two-in.  diameter  charges  were 
also  tested  at  standoffs  other  than  4  In.  Though 
the  penetrations  for  the  larger  charges  were  more 
reproducible,  more  nearly  following  a  normal 
distribution  at  any  given  standoff,  the  variability 
exceeded  5%  at  the  optimum  standoffs,  which 
were  considerably  larger  than  the  4-in.  standoff 
of  the  earlier  study.  Therefore  2-in.  diameter 
charges  cannot  be  classified  as  reliable  In  the 
strictest  sense  since  the  definition,  requires  that 
periormance  be  measured  at  optimum  ntandoff. 
However,  because  of  the  Increased  reproducibility 
at  a  standoff  of  4  in. ,  it  was  possible  to  verify  an 
earlier  conclusion  on  the  validity  of  release  wave 
calculationo. 
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An  experimental  method,  based  or.  plate  indentation 
by  exploding  charges,  is  given  for  measuring  the 
release  wave  velocity  os  observed  from  a  sta¬ 
tionary  frame  of  reference.  Nine  chargeB,  all 
1-in.  long  cylinders  of  Comp.  B  with  diameters 
varying  in  0.  5-in.  intervals  from  1  in.  to  5  In. , 
were  point-initiated  at  the  center  of  their  upper 
surface  while  In  contact  with  a  thick  steel  target. 
The  crater  depths  produced  by  these  charges 
were  measured  from  an  arbitrary  reference  plane 
as  a  function  of  the  radial  distance  from  the  center 
of  the  crater  along  a  line  lying  In  the  reference 
plane.  The  results  indicated  that  a  relatively 
sharp  break  occurred  In  the  crater  slope  at  a 
radial  distance  that  varies  with  charge  size  as 
predicted  by  the  release  wave  theory.  There  was 
relatively  close  agreement  between  the  value  of  K, 
the  ratio  ol  release  wave  velocity  to  the  detonation 
rate,  determined  In  this  experiment  and  in  that 
obtained  by  Schall's  flash  radiographs  of  exploding 
charges. 
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Charges  of  cylindrical,  square,  or  rectangular 
shape  were  fired  from  100-cm.  standoff,  and 
their  fragment  flight  times  were  recorded  In  an 
attempt  to  evaluate  the  eifect  of  the  Interactions  of 
rarefaction  waves  on  fragment  velocity.  The 
charges  were  lined  at  1  end  with  a  steel  plate  the 
same  shape  as  the  charge  end,  each  containing  a 
0.5-in.  diameter  Wood's  metal  disc.  A  fragment, 
one,  l/fl-in.  diameter  steel  cylinder/charge,  was 
located  in  the  Wood's  metal  disc  directly  below 
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the  point  of  initiation.  From  the  Incomplete  data 
available,  it  Is  concluded  that  interactions  may  bo 
neglected  for  practical  purposes. 
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A  description  is  given  of  an  experiment  in  which 
a  small  charge  was  detonated  in  a  large,  thick- 
wailed  cylinder.  Since  the  test  closely  approxi¬ 
mated  the  ideal  l-dimenslonal  experiment,  it  wan 
analyzed  by  I-dlmensional  shock- wave  theory. 
Three  distinct  cases  were  treated:  (1)  both  ends  of 
charge  free;  (2)  confinement  at  the  plane  of  Initia¬ 
tion;  and  (3)  confinement  at  the  end  opposite  initia¬ 
tion.  By  usi-.g  the  method  of  Riemar.n  characteris¬ 
tics,  expressions  were  derived  Jor  the  pressure 
acting  on  the  wall  of  the  cylinder  as  a  function  of 
time  and  position,  and  for  the  impulse  per  unit 
area  (the  time- integrated  pressure)  delivered  to 
the  cylinder  wail  by  the  exploding  charge  as  a 
function  of  position.  The  deformation  of  the  cylin¬ 
der  wall,  an  easily  measured  experimental  quantity, 
was  related  to  1  of  the  derived  expressions  by  as¬ 
suming  that  the  deformation  is  a  monotonely  in¬ 
creasing  function  of  the  Impulse  delivered.  Thus, 
the  derived  impulse  curves  should  show  the  es¬ 
sential  features  of  the  expected  deformation.  No 
experimental  results  are  given. 
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Four  charges  of  Comp.  D,  2  with  bolh  ends  free 
and  2  confined  at  the  end  remote  from  Initiation, 
were  fired  1o  investigate  the  deformation  of  thick- 
waned  steel  cylinders  under  internal  explosive 
loading,  and  to  obtain  experimental  results  for 
comparison  with  the  theoretical  predictions  (item 
no.  L492).  The  2  charges,  free  at  both  ends, 
having  a  length  of  2  in.  (including  0.  25-in.  tetrvl 
booster)  and  a  diameter  of  J/2  In. ,  were  placed 
centrally  in  steel  cylinders  of  5.75-in.  outside 
diameter  and  lengths  of  5  In.  and  6  in.,  respec¬ 
tively.  In  the  other  2  charges,  confinement  was 
provided  in  1  case  by  a  1/8- In.  thick  steel  disc 
covering  the  entire  charge  end,  and  in  the  other 
(the  case  of  infinite  end  confinement)  by  placing 
the  charge  in  intimate  contact  with  the  bottom  of 
a  4-in.  hole  drilled  along  the  cylinder  axis.  Com¬ 
parison  of  the  measured  deformation  with  the  lm-  . 
pulse  curves  calculated  earlier  (item  no.  L492) 
gave  very  good  agreement.  These  calculated  Im¬ 
pulse  curves  not  only  located  the  point  of  maximum 
deformation,  but  also  accurately  reproduced  the 
sh2pe  of  the  measured  deformation  curves.  It  was 
concluded  that  the  shock  theory  based  on  a  poly¬ 


tropic  gas  with  y=3  was  capable  of  describing  .  . 
accurately  the  experimental  results  designed  to 
approximate  as  closely  as  possible  the  1-dimoa- 
slonal  character  of  the  models  used  In  theoretical 
treatment.  This  experimental  technique  also  offers 
the  possibility  of  a  much  closer  correlation  between 
rigorous  (but  only  1-dimenslonal)  shock  theory  and 
th»»  nnlpjiRp  wave  theory, 
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Eight  tests  were  made  on  model  warheads  having 
liners  composed  of  mosaic  arrays  of  hexagonal 
steel  prisms  which  substantiated  completely  all 
earlier  conclusions  (item  no.  L475).  The  charges 
used  were  7.  5-in.  diameter,  1. 77-In.  long  cylin¬ 
ders  of  Comp.  B,  fitted  with  tetryl  boosters  in¬ 
serted  In  the  rear,  and  point-initiated  at  the  cen¬ 
ter  of  this  surface.  The  hexagonal  prisms, 

5/32  in.  between  parallel  slrfea  and  ranging  in 
length  from  1/32  In.  to  5/32  In. ,  were  cemented 
in  close-packed  array  lo  the  charge's  face.  Stand¬ 
off  for  all  charges  was  4B-in. ,  with  the  cell  fliglii 
times  being  measured  with  Potter  chronographs 
for  4  different  positions  on  the  target.  The  at¬ 
tempt  to  resolve  the  variation  in  fragment  velocity 
with  position  on  the  eharge  was  inconclusive.  How¬ 
ever,  these  tests  revealed  that:  (1)  the  fragment 
direction  was  dependent  only  on  the  charge's 
geometrical  shape,  being  independent  of  fragment 
size  and  shape;  (2)  penetration  depth  at  the  veloc¬ 
ities  covered  (0.25  to  0.35)  cm./psec.  was  ap¬ 
parently  independent  of  velocity,  depending  instead 
on  fragment  mass;  (3)  fragment  distributions 
generally  exceeded  Wizard  specifications  within  a 
20a  cone  of  damage,  but  fell  below  at  greater 
angles;  and  (4)  fragment  velocities  were  barely 
adequate  except  for  high  c/ra  ratios.  It  was  con¬ 
cluded  that  the  mosaic  liners  were  inferior  in  all 
respects  to  the  integral  plate  liners  tested  pre¬ 
viously.  Two  exploratory  tests  with  tapered  cones 
■  (self-forging  fragments)  showed  that  tapered  cones 
offered  no  advantages  in  a  warhead  designed  to 
Wizard  specifications.  However,  these  cones 
would  be  useful  in  warheads  where  high  penetration 
and  high  fragment  velocities  outweigh  the  loss  in 
fragment  numbers. 
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The  vulnerability  of  cased  explosive  charges  to 
high  velocity  fragment  was  investigated.  The 
tests  substantiated  an  earlier  conclusion  that,  pro¬ 
vided  a  fragment  perforates  the  casing,  the  kinetic 
energy  of  the  material  entering  the  explosive  is  not 
the  critical  factor  in  determining  whether  detonation 
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results.  It  is  postulated  that  the  high  temperatures 
of  these  perforating  fragments  may  be  primarily 
responsible  for  the  detonations.  In  the  tests,  single 
fragments  propelled  from  fragment  guns  were  used. 
These  fragments,  5/8  In.  In  diameter,  with  thick¬ 
nesses  from  0. 058  In.  to  0.  122  in. ,  provided 
fragment  kinetic  energies  rangingfrom  10.2  Jt  1010 
to  10. 4x  10‘Oergs.  The  fragments  were  fired  in¬ 
dividually  from  4  in.  indlameter  by  2  in.  long  Comp.  B. 
charges  at  the  target  charges  at  75-cm.  s'andoff. 
The  target  charges,  identical  with  Ihe  charges 
used  to  propel  the  fragments,  were  inserted  in 
b.2a-in.  steel  confinement  rings,  with.  Q-ln.  by 
8-in.  slcel  cover  plates  of  1/8-in. ,  3/ 1 3-in. ,  and 
D.25*in.  thicknesses, respectively,  welded  on  i  end. 
Test  data  revealed  that;  (a)  for  any  given  fragment 
thickness,  fewer  detonations  were  obtained  when 
the  protecting  cover  plate  was  thicker;  (b)  there 
was  evidence  that  the  optimum  fragment  thickness 
increased  as  cover-plate  thickness  Increased; 

(c)  the  curves  showing  number  of  detonations  vs. 
fragment  thickness  for  the  3/16-in.  and  0. 25-ln. 
cover  plates  exhibited  a  maximum  indicating  that 
an  optimum  fragment  thickness  existed  for  these 
cover-plate  thicknesses;  (d)  apparently  there  was 
no  correlation  between  the  number  of  detonations 
and  the  initial  kinetic  energy  of  the  fragment. 

A  single  test  in  which  the  end-fragmentallon  effect 
was  applied  to  the  design  of  antipersonnel  warheads 
was  also  described.  The  mine  tested  contained 
5.  3  lb.  of  Comp.  B. ,  completely  uncoiifined  and 
Initiated  by  a  letryl  booster  1-5/3  in.  in  diameter 
by  0.  5  in.  thick.  Us  cylindrical  surface,  a  23-til. 
radius  of  curvature,  contained  closely-packed 
arrays  of  hexagonal  steel  prisms  of  mass  0. 07  oz. 
each.  The  test  indicated  that  warheads  of  this  type 
would  operate  effectively. 
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Tests  were  made  on  E  lots  of  (s,  r)  fluted  C'u 
liners  produced  by  the  fluted  die  and  rubber  pad 
technique  of  the  NBS.  Although  the  highest  com¬ 
pensation  frequency  was  obtained  with  an  early 
group  of  these  MBS  liners,  the  method  did  net 
give  reproducible  results,  being  inferior  to  the 
matching  dies  technique  for  practical  liner  produc¬ 
tion.  Observations  revealed  that  the  optimum 
rotational  frequency  was  a  linear  function  of  the 
flute  depth  range  from  8  to  IS  mils  and  was 
nonlinear  outside  that  region.  These  limits  of 
aD  corresponded  to  v0's  of  1011  and  188  r.  p.  a. , 
respectively.  At  a0's  above  16  mils,  severe  and 
rapid  degradation  of  penetration  resulted.  It  was 
rnncluded  that  flute  depth  and  not  spin-rate  was 
the  chief  cause  of  penetration  decrease.  The  non- 
linearities  are  not  expected  to  characterize  other 
flute  designs,  especially  the  (s,  s)  flutes.  In  an 
appendix,  experimental  techniques  and  data  are 
given  for  the  individual  liner  groups. 
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Five  new  groups  of  fluted  liners  provided  additlcnal 
data  on  the  compensation  processes  ol  fluted  liners, 
and  permitted  estimation  of  the  effects  of  wall  thick¬ 
ness  upon  optimum  frequency,  v0,  and  the  effects 
of  scaling  linear  dimensions.  The  v0  for  the 
.  063- in.  (a,  s)  liners  usually  was  less  than  for  the 
.045-in.  (s,s)  liners.  However,  at  small  positive 
indexings,  <f>  ,  the  vo  for  the  heavy  liners  was 
giealer  than  for  the  light  liners.  For  the  other  2 
liner  types  (b,  s)  and  (s,b)  which  did  not  contain 
the  indexing  variable,  <f> ,  quantitative  estimates 
of  wall  thickness  were  obtained  alrer.tly.  The  v0 
for  the  .  063-in.  (s,  s)  liner,  <f>  =  4°31’,  was 
-100  r.p.  s.  After  adjustment  for  discrepancy  In 
flute  dopth;  the  ratios  of  the  v0's  for  the  (b ,6/ 
and  (s,b)  liners  were  0.43  and  0.59,  respectively. 
Though  the  data  available  are  not  sufficient  to 
establish  the  laws  for  scaling,  it  Is  now  known  that 
compensation  Is  caused  by  small  second  order 
dynamic  effects  whose  scaling  relations  are  not 
certain. 
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Five  lots  of  (s,  r)  type  liners,  ostensibly  repro¬ 
ductions  of  an  earlier  group  of  5  lots  In  which 
only  the  number  of  flutes  was  varied  Intentionally, 
were  tested.  Since  the  earlier  group  (I)  had  an 
offset  angle  which  was  a  systematic  function  of 
flute  number,  the  repeat  group  (II)  was  fluted 
with  new  dies  to  obtain  a  more  constant  offset 
angle.  Comparison  between  I  and  U  indicated  that; 
(a)  the  earlier  conclusion  that  for  a  given  flute 
depth  the  maximum  optimum  frequency  was  ob¬ 
tained  at  flute  numbers  between  12  and  20  was 
substantiated;  (b)  small  variations  in  the  offset 
angle  were  unimportant  when  the  ollset  angle  It¬ 
self  was  small;  (c)  the  correction  of  the  original 
offset  angle  error  gave  no  signi'icant  change  in 
the  optimum  frequency  obtained  for  (s,  r)  type 
flutes.  While  the  improvement  in  consistency 
ol  the  offset  angle  produced  little  effect  in  the 
(s,r)  typo  liners,  It  is  essential  to  the  success  of 
the  proposed  tests  with  the  (s,  s)  type  liners  which 
are  formed  between  matching  met?l  dies.  Varia¬ 
tions  in  the  performance  level  of  the  I  and  n 
liners  may  result  from  the  interplay  of  flute  depth, 
flute  number,  and  minimum  wall  thickness;  how¬ 
ever,  the  details  of  such  Interplay  are  not  known. 
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PREDICTIONS  OF  SHAPED  CHARGE  PER¬ 
FORMANCE  FROM  THE  RELEASE  WAVE 
THEORY,  by  R.  J.  Eichelberger.  [Dec.  195S], 
p.  3-41  incl.  diagrs.  {In  Its  Quarterly  status 
rept.  no.  1,  Jan  31,  1954,  Confidential) 

Confidential 

An  approximate  method  of  extending  1 -dimensional 
shock  theory  to  describe  the  interaction  between 
explosive  products  and  a  sliaped  charge  liner  in 
3-dlrcensional  cases  is  described.  The  basis  of 
the  method  (referred  to  briefly  as  the  release 
wave  theory)  involves  use  of  certain  postulates 
concerning  the  product  gases  and  the  propagation 
of  rarefaction.**  La  3  dimensions.  The  procedure 
for  applying  the  release  wave  'henry  to  shaped 
charges  is  described  and  the  results  of  computations 
are  used  to  predict  the  effects  on  Jet  characteristics 
of  variations  In  charge  diameter,  liner  thickness, 
cone  angle,  cone  material,  and  explosive;  changes 
to  be  expected  from  cones  with  tapered  walls, 
liner  shapes  other  than  conical,  peripheral  Initiation, 
and  unusual  shaped  charges  are  also  described. 

The  predictions  are  compared  with  experimental 
data  for  all  cases  in  which  observations  are  made, 
in  general,  the  release  wa  v?  iheory  affords  accurate 
qualitative  comparison  and  qualitative  predictions 
of  the  effects  to  oe  expected  Iro  n  a  wide  variety 
of  alterations  In  shaped  charge  design.  The  refLne- 
ments  required  to  obtain  greater  quantitative  pre¬ 
cision  are  also  discussed.  (Contractor’s  abstract) 
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Confidential 

The  well-known  "density  law”  Is  re-stated  In 
precise  terms,  and  Its  different  versions  are 
examined  critically.  Only  2  materials  were  found 
to  date  which  deviate  from  this  law:  glass  (in¬ 
cluding  hazed  quartz  and  SI  containing  rocks)  and 
Ti.  The  oehavior  of  these  2  materials  is  ex¬ 
amined  in  some  detail,  and  a  tentative  explanation 
ol  the  mechanism  involved  is  presented. 

(Contractor's  abstract) 
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Carnegie  Institute  of  Technology  (DA39-061  -ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  IIL 
A  SURVEY  OF  DATA  REQUIREMENTS  IN 
LINERS,  by  R.  von  Helne-Geldem.  [Dec.  1953], 
p.  57-63  incl.  diagrs.  (In  its  Quarterly  status 
rep',  no.  1,  Jan.  31,  1554,  Confidential) 

Confidential 


Firings  of  shaped  charges  showed  that  very 
stringent  manufacturing  tolerances  on  conical 
Liners  are  necessary  to  insure  consistent  charge 
performance.  It  was  concluded  that  rigid  toler¬ 
ances  should  be  maintained  for  the  lower  half  of 
the  liner,  with  relaxed  tolerances  acceptable  lor 
the  apex  or  upper  half,  especially  if  thi3  relaxation 
provides  greater  accuracy  for  the  base  half. 

L502- 

Carnegie  Institute  ofTechnology  (DA3G- 061 -ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  IV. 
ROTATED  CHARGES:  RECENT  DEVELOPMENT 
IN  FLUTED  LINERS,  by  R.  J.  Eichelberger  and 

E.  L.  Litchfield.  [Dec.  1953],  p.  64-81  IncL 
diagrs.  (In  its  Quarterly  status  rept.  no.  1, 

Jan.  31,  1954,  Confidential)  Confidential 

Detailed  experimental  observations  on  fluted 
liners  formed  between  matching  metal  dies  are 
described.  The  experiments  completed  to  date 
include  studies  on  the  effects  of:  (1)  variations  in  ' 
index  angle;  (2)  variations  in  wall  thickness;  and 
(3)  variations  In  flute  depth.  The  practical 
potentialities  of  this  type  of  fluted  liner  are  dis¬ 
cussed  and  compared  with  those  ol  other  designs 
that  were  tested.  (Contractor's  abstract) 

L503 

Carnegie  Institute  of  Technology  (DA36-D61 -ORD-394). 

FUNDAMENTALS  OF  SHAPED  CHARGES.  I. 

.  EXPERIMENTAL  INVESTIGATION  OF  TITANIUM 
AGAINST  SHAPED  CHARGE  JETS,  by  C.  T.  Lin¬ 
der,  G.  M.  Eryan  and  R.  J.  Eichelberger.  [Apr. 
1954],  p.  1-23  incl.  illus.  tables,  diagrs.  (hi  its 
Quarterly  status  rept.  no.  2,  Apr.  30,  1954, 
Confidential)  Confidential 

The  results  of  the  experimental  investigation  of 
Tl  as  a  target  material  against  jets  from  shaped 
charges  are  given.  These  results  are  compared 
with  those  from  similar  experiments  on  glass 
as  a  targat  material,  and  possible  mechanisms  of 
the  action  of  these  materials  on  jets  are  considered. 

(Contractor's  abstract) 

L5D4 

Carnegie  Institute  of  Technology  (DA36-06  l-ORD-394). 
FUNDAMENTALS  CF  SHAPED  CHARGES.  II. 

THE  EFFECT  OF  CHARGE  DIAMETER  UPON 
THE  PERFORMANCE  OF  M9A1  LINERS,  by 
W.  F.  Dcnaldson,  R.  F.  Eichelberger,  and 

F.  E.  Allison.  [Apr.  1954],  p.  24-44  incl.  tables. 

(In  Its  Quarterly  status  rept.  no.  2,  Apr.  30,  1954, 
Confidential)  Confidential 

The  effect  of  charge  diameter  upon  the  penetration 
produced  by  conHned  and  unconfined  charges  con¬ 
taining  M9A1  liners  was  investigated.  For  un¬ 
confined  charges  not  more  than  2.  5-in.  in  diameter, 
the  results  are  essentially  the  same  as  those  pre¬ 
viously  reported  In  the  literature.  For  Cu  liners, 
it  is  shown  that  increasing  the  charge  diameter 
beyond  3  in.  decreases  the  penetration  about  30%. 
Confined  charges  exhibit  the  same  behavior  but  at 
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smaller  charge  diameters,  thus  lending  support  to 
the  idea  that  inert  confinement  is  equivalent  Id 
explosive  confinement  in  some  respects.  Uhls 
general  behavior  of  penetration  as  a  function  ol 
charge  diameter  for  large  diameters  is  made 
plausible  by  reducing  the  results  to  a  more 
familiar  experiment.  {Contractor's  abstract) 


Carnegie  Institute  of  Technology  (DA3G-OB1-ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  DZ 
SPIN  COMPENSATION,  by  K.  R.  Becker, 

R.  J.  Eicheiberger,  and  E.  L.  Litchfield.  [Apr. 
1954],  p.  45-79  incl.  tables,  diagrs.  (In  its 
Quarterly  status  repl.  no.  2,  Apr.  30,  195^, 
Confidential)  Confidential 

Final  evaluation  was  completed  for  the  (s,  s) 
liner  series  designated  £  .  046  {1C  x  .  015)  (s,  s) 
and  {_■  9“0  (10  x  .  DIj)  (s.  s)  (£)  "J  and  the 
results  are  presented  here.  The  effects  of  Indexing 
angle,  ■£,  are  discussed  for  each  cf  the  wall  thick¬ 
nesses  above.  The  effects  of  wall  thickness  at 
constant  indexing  are  also  discussed.  It  Is  shown 
that  the  effects  of  wall  thickness  arc  a  function  of 
in  both  the  optimum  frequency  obtained  and  In 
the  penetration  observed  at  this  optimum  frequency. 
Preliminary  results  from  a  fluted  liner  scaling 
experiment  are  also  discussed  briefly.  (Con¬ 
tractor's  abstract) 


Carnegie  Institute  of  Technology  (DA36-OB1-OHD-3S4). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  IV. 
APPLICATION  OF  SELF- FORGING  FRAG¬ 
MENTS  TO  ANTIPERSONNEL  WEAPONS,  by 
W.  F.  Donaldson,  R.  J.  Eicheiberger,  ana 
F.  E.  Allison.  [Apr.  1954],  p.  80-83  lncl.  illus. 
table.  (Injts  Quarterly  status  repl.  no.  2,  Apr. 
30,  1954,  Confidential)  Confidential 

Several  designs  of  small  self-forging  fragments 
were  tested  to  ascertain  their  usefulness  in  anti¬ 
personnel  applications.  It  was  found  possible  to 
propel  such  fragments  with  initial  velocities  up  to 
3000  ft. /'sec.  with  only  0.30  In.  of  military  ex¬ 
plosive.  Several  fragment  designs  were  capable 
of  perforating  2.  25  in.  of  yellow  pine  placed  25  fl. 
from  the  charge.  (Contractor’s  abstract) 


Carnegie  Institute  of  Technology  (DA36-051-CRD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  V. 
THE  INTRODUCTION  OF  CURVED  CONE  ELE¬ 
MENT  TRAJECTORIES  INTO  THE  THEORY  OF 
CONE  COLLAPSE  AND  JET  FORMATION,  by 
F.  P.  Beitel.  (Apr.  1954],  p.  84-104  lncl. 
diagrs.  (In  its  Quarterly  status  repl.  no.  2, 

Apr.  30,  1954,  Confidential)  Confidential 

The  description  of  non-steady  cone  collapse  1b 
modified  through  introduction  of  an  arbitrary 
method  of  providing  for  curved  element  trajec¬ 
tories.  The  results  of  calculations  indicate  that 
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the  collapse  parameters  on  the  whole  are  changed 
verv  little.  However,  the  modification  provides  a 
possible  explanation  for  the  failure  of  the  entire 
iicer  to  contribute  to  the  jet  and  slug.  (Con¬ 
tractor's  abstract) 


Camecte  Institute  ot  Technology  (DA36-OC1-ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  VI- 
X-RAY  PHOTOGRAPHY,  by  E.  L.  Litchfield  and 
K.  TV.  Watson.  [Apr.  1954],  p.  105-123,  IncL 
llius.  (Ir.  its  Quarterly  status  rept.  no.  2,  Apr, 
33,  1951,  Confidential)  Confidential 

Pictures  of  the  jet  elements  of  F3  57-mm.  smooth 
and  Quted  Cu  conical  Uners  and  MSA1  Cu  and  steel 
conical  liners  were  obtained  with  a  low-voltage 
(30-35  kv. )  X-ray  installation.  Comparisons  are 
made  with  a  set  of  Kerr  cell  photographs. 


Caraerie  Institute  of  Technology  (DA30-O61-ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  L 
CRATERS  FORMED  EY  HIGH  VELOCITY 
FRAGMENTS,  by  R.  J.  Eicheiberger,  F.  E.  AU1- 
soaandW.  F.  Donaldson.  [July  1354],  p.  1-24, 
inti,  illus.  table,  diagrs.  (in  Its  Quarterly  status 
rept.  no.  3,  July  31,  1954,  Confidential) 

Confidential 

The  craters  formed  by  high  velocity  fragments  In 
taxeet  materials  ot  different  strengths  and  den¬ 
sities  (  e.  g.  Cu,  Ti,  steel,  bronze)  were  In¬ 
vest 5  gated.  The  crater  depths  for  a  large  number 
of  target  materials  are  in  agreement  with  a  hydro- 
dvuamic  theory  based  on  Bernoulli’s  equation, 
provided  strength  terms  are  Included.  The  limita¬ 
tions  of  the  theory  are  discussed  in  detail.  The 
crater  volumes  do  not  correlate  with  any  of  the 
known  parameters  except  for  Pb  targets,  where 
gc*cd  correlations  were  obtained  between  volume 
and  depth  of  penetration.  (Contractor's  abstract) 


Carr  »-gie  Institute  of  Technology  (DA36-0S1  -ORB-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  II. 
FINITE  ACCELERATION  TIMES  IN  THE 
THEORY  OF  JET  FORMATION,  byR.  J.  Eichel- 
terger  [July  1954],  p.  25-40  lncl.  diagrs. 

(In  ils  Quarterly  status  rept.  no.  3,  July3I,  1954, 
Confidential)  Confidential 

The  ellect  of  a  finite  and  variable  time  of  accelera¬ 
tion  of  a  shaped  charge  liner  upon  Ihe  theory  of  jet 
formation  Is  considered  in  a  qualitative  fashion.  It 
is  demonstrated  that,  within  the  range  of  vatues 
of  acceleration  time  pe.'mllted  by  experimental 
observations,  neither  a  constant  ror  a  variable 
acceleration  time  appr;ciably  aftects  the  analysis 
jf  liner  collapse  and  oi  jet  formation.  (Contractor's 
abstract) 
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Carnegie  Institute  of  Technology  (DA3B-061-ORD-394), 
FUNDAMENTALS  OF  SHAPED  CHARGES,  fH. 

AN  ATTEMPT  TO  TEST  THE  L.  H.  THOMAS 
FORMULATION  OF  THE  THEORY  OF  SPIN 
COMPENSATION,  by  R.  J.  Eichelberger, 

E.  L.  Litchfield,  and  K.  R.  Becker.  [July  1954], 
p.  41-43  incl.  lllus.  dlagr.  (In  Its  Quarterly 
status  rcpt.  no.  3,  July  31,  IS  547" Confidential! 

Confidential 

An  attempt  was  made  to  compute  the  compensation 
frequencies  of  fluted  liners  based  on  shock  wave 
phenomena.  Tests  were  conducted  using  a  liner  . 
design  consistent  with  ine  mathematical  formula* 
Uon  given  In  L.  H.  Thomas’  monograph,  "A 
Zero  Order  Theory  ol  :iie  in::iai  Motion  oi  I-iuied 
Hollow  Charge  liners"  (item  r.o.  L334).  Sirce  no 
penetration  was  obtained,  the  results  of  these 
tests  are  not  conclusive. 

L512 

Carnegie  Institute  of  Technology  (DA36-061-ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  IV. 
SCALING  TESTS  WITH  FLUTED  LINERS,  by 
K.  L.  Litchfield,  K.  R.  Becker,  and  R.  J.  Eichel¬ 
berger.  [July  1954],  p.  49-74  incl.  lllus.  tables, 
dlagrs.  (In  its  Quarterly  status  rept.  no.  3,  July 
31,  1954,  Confidential)  Confidential 

The  results  of  a  (s,s  type)  fluted  liner  scaling 
experiment  arc  given  and  discussed.  It  Is  con¬ 
cluded  that  the  simple  model  scaling  laws  are 
not  applicable  to  liners  of  this  type. 


The  apparatus,  which  *eeords  photographically  the 
detonation  of  a  column  of  explosive,  works  on  the 
principle  that  the  imago  of  the  explosive  column 
Is  focused  along  a  cylindrical  clement  or  the  drum 
surface.  When  the  drum  Is  covered  with  a  strip 
of  film  and  rotated,  the  luminous  detonation  wave 
front  moving  from  top  to  bottom  of  the  explosive 
stick  will  be  recorded  on  the  film  as  a  straight 
line  slanted  across  the  film.  The  actual  detona¬ 
tion  velocity  may  be  obtained  from  the  angle  which 
this  line  makes  with  the  film  edge,  if  the  film 
linear  speed  and  optical  magnification  oi  the  sys¬ 
tem  are  known. 

LSI  5 

Carnegie  Institute  of  Technology  (OEMsr-202). 
MICROWAVE'  TUBE  DESTRUCTION  (SC -41),  by 
D.  P.  MacDougali.  Progress  rept.  to  Dec.  1, 
1942.  Dec.  9,  1942,  9p.  lllus.  dlagr.  (NDRC 
Dlv.  8)  OSRD  1122  Confidential 

Experiments  were  performed  to  determine  the 
design  of  a  shaped  charge  capable  of  demolishing 
a  special  microwave  tube.  The  lube  was  made  In 
the  form  of  a  short  Cu  cylinder  with  external 
cooling  fins  and  with  an  inner  structure  consisting 
ol  a  central  hole  and  3  peripheral  "perforations." 

L516 

Carnegie  Institute  of  Technology  (OEMsr-202). 
MICROWAVE  TUBE  DESTRUCTION,  by 
M.  A.  Paul.  Progress  rept.  to  Mar.  10,  1S43. 
Mar.  23,  1943,  Bp.  dlagr.  (NDRC  Dlv.  8) 

OSRD  1287  Confidential 


L513 

Carnegie  Institute  of  T ecbnology  (DA3E  -06 1  -ORD-394). 
FUNDAMENTALS  OF  SHAPED  CHARGES.  V. 

A  TECHNIQUE  FOR  X-RAY  MEASUREMENT  OF 
INDEXINC  OF  FLUTED  LINERS,  byE.  L.  Litch¬ 
field  and  K.  R.  Becker.  [July  1954],  p.  75-77 
incl.  lllus.  (In  its  Quarterly  status  rept.  no.  3, 
July  31,  1954,  Confidential)  Confidential 

A  simple  iioi.-dustructive  technique  for  measuring 
index  angles  of  fluted  llnets  by  use  of  X-rays  is 
described.  Fot  reasonable  ratios  of  flute  depth 
to  wall  thickness,  there  is  sufficient  difference  be¬ 
tween  the  "thick"  and  "thin"  portions  of  a  cone 
fluted  between  matching  dies  to  show  up  wall  on  an 
X-ray  photograph.  Such  a  photograph  can  be  made 
by  loading  the  Him  into  the  interior  of  the  cone  and 
taking  a  picture  with  X-rays  normal  to  the  cone 
axis.  A  sufficient  amount  of  high  density  backing 
material  is  required  behind  the  film  to  assure  that 
only  X-rays  traversing  the  desired  cone  surface 
activate  the  film.  (Contractor’s  abstract) 

L514 

Carnegie  Institute  of  Technology  (OEMsr-202). 

A  ROTATING  DRUM  CAMERA  FOR  THE 
’  OPTICAL  STUDY  OF  DETONATIONS,  by 
G.  H.  Messerly.  Progress  rept.  July  8,  1942, 
19p.  incl.  diagrs.  (NDRC  Div.  8)  OSRD  C82 

Confidential 
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Space  restrictions  made  It  necessary  to  reinvesti¬ 
gate  the  charge  design  lor  certain  lnstallaiions. 

A  100’  sane  conical  liner  with  3-In.  base  diam¬ 
eter  at  2-In.  target  distance  was  considered 
adequate  for  the  purpose.  Danger  from  fragments 
was  Investigated. 

L517 

Carnegie  Institute  of  Technology  (OEMsr-202). 
MICROWAVE  TUBE  DESTRUCTION,  by 
M.  A.  Paul.  Final  rept.  Aug.  20,  1943,  lp. 
(NDRC  Div.  8)  OSRD  1723  Confidential 

A  test  ol  the  modified  destructor  charge  was  made 
on  a  microwave  tube  mounted  on  a  standard  In¬ 
stallation  within  a  mock-up  plane  fuselage. 

L518 

Carnegie  Institute  of  Tecnnotogy  (OEMsr-202). 

THE  MECHANISM  OF  ACTION  OF  CAVITY 
CHARGES,  by  G.  B.  Kistiakowsky  and  others. 
Progress  rept.  to  Mar.  15,  1943.  Apr.  t2,  1943, 
22p.  lllus.  dlagr.  (NDRC  Dlv.  8)  OSRD  1338 

Confidential. 

An  attempt  Ik  made  to  formulate  a  general  working 
hypothesis  of  the  action  of  lined  and  unlined  shaped 
charges  on  various  targets  but  chiefly  steel.  The 
J.  von  Neumann  theory  (ur, lined  charges)  for  laws 
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ol  reflection  of  shock  waves  (Mach  wave)  from 
solid  obstacles  is  presented.  Optical  evidence 
(slug’,  liner  fragments,  photographs  of  Jet)  was 
studied  to  determine  the  mechanism  of  liner  col¬ 
lapse  and  jet  formation.  The  penetration  of  the  Jet 
against  steel  targets  Is  discussed  under  the  fol¬ 
lowing  points:  relation  between  luminous  Jet  and 
penetration  a  gen  l,  penetration  agent,  penetration 
times,  and  effect  of  standoff.  An  appendix  concern¬ 
ing  the  acceleration  of  a  solid  particle  In  a  gas 

stream  Is  Inelmteri, 

L510 

Carnegie  Institute  of  Technology  (OEMsr-2021, 
PENETRATION  OF  STEEL  TARGETS  BY 
LINEAR  CHARGES,  by  M_  A.  Paul.  Progress 
repL  tc  Apr.  1,  1943.  May  4,  1943,  6p.  llluo. 
diagr.  (NDRCDlv.  8)  OSRD  1383  Confidential 

An  Investigation  of  steel  target  penetration  by 
linear  charges  was  made.  Wedge,  triangular,  and 
cowbell  cross  r~:toned  charges  with  Pb,  steel, 
and  Cu  liners  In  various  thicknesses  were  tested. 

L520 

Carnegie  Institute  of  Technology  (OEMsr-202). 

THE  FLASH  PHOTOGRAPHY  OF  DETONATING 
EXPLOSIVES,  by  G.  H.  Messerly.  Progreso 
rept.  to  May  l,  1943.  June  3,  1943,  Up.  lncl. 
Ulus.  (NDRC  Dlv.  8)  CSRD  1488  Confidential 

The  intense  luminosity  produced  by  a  shock  wave 
In  A  (gas)  was  utilized  as  flash  light  to  photograph 
the  jet  from  an  exploded  shaped  charge.  The 
luminosity  ol  the  jet  was  quenched  by  exploding 
the  shaped  charge  in  an  atmosphere  of  a  CgHg- 
C4H10  mixture. 

L521 

Carnegie  Institute  of  Technology  (OEMsr-202). 

THE  EFFECT  OF  UKSYMMETRICAL  CONE 
ALIGNMENT  ON  THE  JET  FROM  A  CAVITY 
CHARGE,  by  M.  A.  Paul.  Progress  rept.  Aug. 

5,  1943,  5p.  Ulus.  (NDRC  Dlv.  8)  OSRD  168i 

Confidential 

Charges  bearing  M9A1  liners  were  fired  with 
thetr  axea  deliberately  offset  from  the  charge  axes 
either  by  tilting  the  liner  at  a  small  angle  or  by 
displacing  the  liner  laterally. 

LS22 

Carnegie  Institute  cl  Technology  (OEMsr-202). 

THE  EFFECTIVE  DIAMETER  OF  THE  JET 
FROM  A  CAVITY  CHARGE,  by  M.  A.  PauL 
Progress  rept.  Aug.  S,  1943,  9p.  lllus.  tables. 
(NDRC  Dlv.  8)  OSRD  1679  Confidential 

The  effective  Jet  diameter  was  estimated  for 
several  small-scale  charges,  such  as  charges 
carrying  an  M9A1  conical  liner,  cast  Pcntollte 
charges,  steel  lined  45s  cavity  charge,  and  45* 
sand  Uned  charges.  The  smallest  hole  through 


which  the  Jet  could  pass  without  enlarging  it  or 
scoring  the  walls  was  taken  as  an  upper  limit  to 
the  Jet  diameter. 


L523 

Carnegie  Institute  of  Technology  (OEMsr-2G2). 
TARGET  PENETRATION  BY  THE  JET  FROM 
A  ROTATING  CONE  CHARGE,  by  M.  A.  Paul. 
Progress  rept.  Aug.  5,  1943,  7p.  Ulus,  diagr. 
(NDRC  Dlv.  8)  OSHD  1680  ConfldenUal 

Charges  with  30°  and  40°  steel  liners  were  fired 
Into  steel  targets  while  rotating  at  speeds  up  to 
10, 0C0  r.p.m. 


L524 

Carnegie  Institute  of  Technology  (OEMsr-202). 

TARGET  PENETRATION  BY  THE  JET  FROM  A 
ROTATING  CONE  CHARGE,  by  M.  A.  Paul. 
Progress  rept.  no.  2.  July  10,  1944,  27p.  Ulus, 
diagr.  (NDRC  Div.  8)  OSRD  3874  .  Confidential 

Experiments  with  rotating  shells  and  small  rotating 
shaped  charges  are  reported.  The  effect  of  rota¬ 
tion  on  penetration,  apex  angle,  standoff,  and  Jet 
velocity  Is  discussed.  It  appeared  that  for  conical 
liners,  with  spins  such  as  are  required  for  ade¬ 
quate  fUght  stability,  the  depth  of  penetration  Is 
practlcaUy  independent  of  standoff  and  Is  about 
50%  of  the  depth  attained  in  static  trials  at  optimum 
standoff.  The  adverse  effect  of  rotation  leveled  off 
when  sufficient  high  speed  was  attained.  No  ad¬ 
vantage  was  found  with  apex  angles  of  less  than 
45°.  Evidence  was  found  that  hemispherical  liners 
are  relatively  much  less  affected  fcy  rotation  than 
conical  liners,  but  they  require  excessively  large 
standoff.  The  modification  ol  liners  to  compensate 
for  the  effects  o!  rotation  was  Investigated.  The 
jet  velocity  of  a  miniature  shaped  charge  (for  use 
In  a  point-detonating  fuze)  was  found  to  be  unaf¬ 
fected  hy  a  moderate  speed  of  rotation,  as  was  Un 
ability  to  initiate  a  pressed  Tetryl  booster  pellet 
6  to  8  in.  distant. 


L525 

Carnegie  Institute  of  Technology  (OEMsr-202). 
PENETRATION  OF  STEEL  TARGETS  IN  AIR  . 
BY  SMALL-SCALE  CAVITY  CHARGES,  by 
M.  A.  Paul.  Progress  rept.  Sept.  29,  1943,  17p. 
illus.  diagh.  (NDRC  Div.  8)  OSRD  1861 

Confidential 

The  effects  of  standoff,  liner  weight,  and  cavity 
shape  on  steel  target  penetraUons  In  air  by  smaU- 
scale  steel  lined  cavity  charges  were  Investigated. 
Liners  with  apex  angles  from  30°  (0  120°  were 
tested,  as  were  oilier  special  shapes.  For  each 
angle,  liners  covering  a  broad  range  of  weightn 
bracketing  the  optimum  were  included. 


D5 


SECRET 


SECRET 


SHAPED.  CHARGES 


L52G 

Carnegie  Institute  of  Technology  (OEMsr-202), 
EXPERIMENTAL  STUDIES  OF  CONE  COL- 
LAPSE  AND  JET  FORMATION:  PART  L  RE¬ 
COVERY  OF  CONES  FROM  LOW-POWERED 
CHARGES,  by  H.  Linschltz  and  M.  A.  PanL 
Progress  rcpt.  Nov.  29,  1943,  15p.  incL  lUun. 
(NDRC  Div.  fi)  OSRD  2070  Confidential 

The  progressive  stages  of  liner  coilapsc  were 
studied  on  M9AI  and- other  liners  using  charges 
with  a  graded  degree  o'  power  and  recovering  the 
lir.cr  residue  in  water.  The  gradc-d  power  was 
generated  by  eltroguanidine  hand  tamped  to  various 
densities  of  0.25-  0.  69. 

VSZT 

Carnegie  Institute  of  Technology  (OEMsr-202). 
EXPERIMENTAL  STUDIES  OF  CONE  COL¬ 
LAPSE  AND  JET  FORMATION:  PART  IL  THE 
MAS5  CONTRIBUTED  TO  THE  JET,  by 
M.  A.  Paul  and  H.  Linschltz.  Progress  repi. 

Nov.  29,  1943,  24p.  illus.  diagr.  (NDRC  Dlv.  8) 
OSRD  2072  Confidential 

Weights  of  sections  of  recovered  and  of  origiiuil 
conical  liners  were  compared.  The  original 
liner  surface  was  markrd  with  light  circular 
scratches  which  were  retained  on  the  slug,  or  the 
original  liner  was  presectioned  before  firing  with 
the  slug  being  recovered  In  separate  sections.  Re¬ 
sults  are  compared  with  the  Tuck- Taylor- Flirkhoff 
theory. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 
EXPERIMENTAL  STUDIES  OF  CONE  COL¬ 
LAPSE  AND  JET  FORMATION.  PART  HL 
FURTHER  STUDIES  OF  JET  MASS  ORIGIN  AND 
SLUG  STRUCTURE,  by  M.  A.  Paul.  Progress 
rept.  Dec.  20,  1945,  22p.  Ulus,  ciiagr.  (NDRC 
Dlv.  8)  OSRD  5602  Confidential 

The  experimental  Investigation  of  firing  presec¬ 
tioned  liners  and  recovering  the  slug  residues  was 
carried  out  for  1-5/8  in.  diameter  45"  steel 
liners.  The  behavior  oi  presectioned  and  com¬ 
posite  liners  of  larger  diameter  consisting  of 
alternate  segments  of  steel  and  Cu  was  studied. 

Lr  79 

Carnegie  Institute  of  Technology  (QEMsr-202). 
IMPROVEMENTS  IN  THE  PERFORMANCE  OF 
CAVITY  CHARGES,  by  M.  A.  Paul  and 
J.  F.  Lemons.  Progress  rept.  Apr.  3,  1944, 

23p.  Ir.cl.  tables,  dlagrs.  (NDRC  Dlv.  0) 

OSRD  3443  Confidential 

Experiments  to  determine  the  possibility  of  im¬ 
proving  the  performance  of  shaped  charges  by 
shaping  the  detonation  wave  and  by  observing  the 
effect  of  various  degrees  of  conlirenr  ut  were 
conducted.  Small-scale  charges  consisting  of 
concentric  cylindrical  cast  TNT  cores  and  some 


inert  cores  inside  a  cast  Pentolite  shell  were 
fired  against  mild  steel  targets.  M9A1,  M86,  M0, 
and  other  stee!  and  Cu  liners  having  various  apes 
angles  (45°-120“}  were  used  in  these  charges. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 
MOMENTUM  AND  KINETIC  ENEFjGY  QE  THE 
SHAPED  CHARGE  JET,  by  M.  A.  Paul  and 
J.  F.  Lemons.  Progress  rept.  Oct.  23,  1945, 

27p.  illus.  diagr.  (NDRC  Dlv.  8)  OSRD  5570 

Confidential 

The  momentum  of  the  jet  was  measured  Tor  small 
cavity  charges  using  a  compound  pendulum  as  the 
target.  The  kinetic  energy  of  the  jet  was  obtained 
by  determining  the  temperature  rise  produced  In 
the  target. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 
UNDERWATER  PENETRATION  BY  SMALL- 
SCALE  SHAPED  CHARGES,  by  E.  P.  Meibohm 
and  M.  A.  Paul.  First  and  final  rept.  Oct  24, 

1945,  15p.  tables,  dlagrs.  (NDRC  Dlv.  8) 

OSRD  5569  Confidential 

Underwater  penetration  data  for  small  scale, 
Pentolite-filled  shaped  charges  (4  in.  long,  1.  58-in. 
diameter)  fired  against  0.  5- in.  mild  steel  targets 
are  presented  in  tabular  form.  Among  the  chief 
variables  studied  were  the  following:  (1)  liner 
shape  (20°-120°  cones,  trumpets,  domes  and 
hemispheres);  (2)  liner  material  (steel,  Cu,  Al, 

Pb,  Zr.  alloy,  brass  and  plastic  bonded  steel  fil¬ 
ings);  (3)  explosive  content  (Pentolite,  Torpex  H 
and  Comp.  E);  (4)  liner  weight;  and  (5)  standoff. 
Results  from  tests  to  determine  effect  of:  (1)  con¬ 
finement  (steel,  cardboard);  and  (2)  double  targetn 
(0. 25-ln.  steel  plus  0. 5-in.  steel  on  underwater 
penetration  are  Included.  A  statistical  analysis  of 
the  above  penetration  data  is  made. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

RADIOGRAPHY  OF  EXPLOSIVE  MATERIALS,  by 
O.  E.  A.  Bolduan.  Progress  rept.  Nov.  5,  1S45, 
lOp,  Illus.  dlagrs.  (NDRC  Dlv.  0)  OSRD  5575 

Confidential 

A  description  of  the  techniques,  apparatus,  aad 
procedures  developed  at  Explosives  Research 
Laboratory,  Bruceion  for  the  radiographic  e:c- 
amination  of  explosive  charges  and  charge  liners 
is  given.  Photographs  resulting  from  application  cd 
these  techniques  are  included. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

TARGET  PENETRATION  BY  ROTATING  CAVITY 
CHARGES,  by  M.  A.  Paul.  Progress  rept. 

Nov.  5,  1945,  34p.  Illus.  diagr.  (NDRC  Dlv.  8) 
OSRD  5538  Confidential 
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Hemispherical  liners  were  tested  at  short  stand* 
offs  to  determine  their  effectiveness  in  a  rotating 
shell.  A  set  of  trumpet  shaped  liners  with  a  fixed 
decree  o!  offset  and  a  number  oi  grooved  liners 
were  tested  at  various  rotational  speeds. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

THE  EFFECTS  OF  VARIOUS  ABERRATIONS  ON 
THE  PERFORMANCES  OF  CAVITY  CHARGES, 
by  M.  A.  Paul  and  others.  Progress  rept.  Dor. 
3,  1245,  Sip.  illus.  (NDRC  Dlv.  8}  OSRD  5529 

Confidential 

Results  of  a  series  of  Investigations  Into  the  ef¬ 
fects  on  shaped  charge  performance  of  various 
types  of  controlled  distortions  and  aberrations  of 
the  liner,  explosive  conten;,  or  entire  charge 
assembly  are  presented.  Following  Is  an  outline ' 
of  these  Investigations:  (1)  liner  construction 
(methods  of  manufacture,  variations  among  lota, 
liner  hardness  and  heat  treatment,  wall  taper); 

(2)  controlled  distortion  (fabrication  oi  large 
liners,  effects  of  elliptical  and  triangular  depar¬ 
ture  from  concentricity);  (3)  liner  alignment  and 
off-axial  initiation;  (4)  Raws  in  the  castings 
(casting  teclmique,  effect  of  holes,  effect  of 
liner-charge  separation);  and  (5)  holes  and  wires 
through  the  liners  (application  to  electromagnetic 
fuzing). 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

SHAPED  CHARGE  BOMBS,  by  J.  F.  Lemons  and 
others.  Progress  rept.  Dec.  20,  1845,  77p. 
illus.  diagr.  (NDRC  Dlv.  8)  OSRD  5600 

Confidential 

Shaped  charge  bombs  were  tested  against  battle¬ 
ship  targets  with  and  without  superstructure, 
large  and  small  aircraft  carrier  targets,  and 
heavy  cruiser  targets.  Discussions  on  bomb 
construction,  loading  and  initiation,  and  effect 
of  large  air  spaces  on  shaped  charge  performance 
are  included.  Shots  were  fired  to  determine  the 
ellect  of  charge  shape.  Incendiary  effects  of 
shaped  charge  Jets  were  Investigated. 
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Carnegie  Institute  of  Technology  (OEMEr-202). 
SHAPED  CHARGE  BOOSTERS,  by  L.  Goodman. 
Progress  rept.  Dec.  26,  1945,  14p.  inch  tables. 
(NDRC  Dlv.  8)  OSRD  5629  Confidential 

The  possibility  of  improving  the  lnitlathig  power 
of  the  Mark  17  and  other  auxiliary  detonators 
and  boosters  by  means  oi  a  cavity  in  the  base 
was  investigated.  The  shaped  charge  boosters 
proved  to  be  of  value  where  it  is  necessary  to 
initiate  a  second  booster  at  a  distance,  but  did  not 
appear  to  have  any  particular  merit  where  the  main 
charge  Is  close  to  or  in  contact  with  the  booster. 

It  was  concluded  that  failure  of  5-ln.  38  AA  shells 
was  due  to  some  cause  other  than  weakness  of  the 
booster  In  the  auxiliary  detonator. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 
CONSTRUCTION  AND  OPERATION  OF  THE 
ROTATING  MIRROR  CAMERA,  by  S.  J.  Jacobs. 
Progress  rept.  Jan.  2,  1940,  20p.  dlagro.- 
(NDRC  Dlv.  8)  OSRD  5614  Confidential 

Construction  details  of  a  single  lens  rotating 
mirror' camera  which  will  produce  an  Image 
velocity  of  at  least  X,  006  m./sec.  are  discussed. 
External  silts,  destroyed  by  each  detonation,  are 
described.  A  discussion  on  the  combination  of 
lenses  for  2  lens  system  which  wiil  give  the 
maximum  uniform  Image  brightness  on  the  film, 
for  given  condition  and  image  size,  Is  appended. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

POINT -INITIATING  FUZES  FOR  SHAPED 
CHARGE  WEAPONS,  by  J.  F.  Lemons  and 
M.  A.  PauL  Progress  rept.  Jan.  3,  1840, 
illus.  tables.  (NDRC  Dlv.  6)  OSRD  5801 

Confidential 

TestH  with  the  electromagnetic  fuze,  polnt- 
fnitiatlng,  T2003  are  described.  The  fuzing  re¬ 
quirements  of  shaped  charge  projectiles  aro 
discussed.  A  point-initiating  fuze  of  the  spit- 
back  type  Is  described.  It  has  a  miniature  shaped 
charge  In  the  nose  that  spits  with  a  velocity  of  the 
order  of  20, 0G0  ft./sec.  down  an  axial  flash  tube 
through  the  main  charge  to  u  Tetryl  booster  pellet 
at  tbs  base. 
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Carnegie  Institute  cl  Technology  (OEMsr-292). 

STEEL  TARGET  PENETRATION  IN  AIR  BY 
SMALL-SCALE  CAVITY  CHARGES,  by 
E.  J.  Huber  and  others.  Progress  rept.  no.  2. 
Jan.  15,  1946,  45p.  dlagrs.  (NDRC  Dlv.  0) 

OSRD  5004  Confidential 

Comparative  penetrations  in  armor,  and  mild 
steel  and  A1  targets  from  M6  Cu  and  .MG  steel 
conical  lined  charges  are  recorded.  Information 
is  Included  oa  the  effect  of  base  flange  on  per¬ 
formance  of  confined  and  unconflned  charges  and 
on  charges  having  a  diameter  greater  than  diam¬ 
eter  of  base  liner;  relation  between  optimum  liner 
weight  and  degree  of  confinement;  and  effect  of 
flash  tubes  oa  performance  of  charges  bearing 
hemispherical  steel  liners. 
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Carnegie  institute  of  Technology  (OEMsr-2Uk). 
STUDIES  OF  SHAPED  CHARGES  WITH  THE 
ROTATING  DRUM  CAMERA,  by  M.  D.  Hu*-witz 
and  H.  A.  Strecker.  Progress  rept.  Jan.  15, 
1846,  22p.  diagrs.  (NDRC  Dlv.  8)  OSRD  5615 

Confidential 

Initial  jet  velocity  of  cast  Pentolite  (50/50)  charges 
(1-5/S  In.  diameter,  6  in.  long)  with  steel  liners 
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(45'-120°)  of  various  weights  was  studied  as  a 
function  of  liner  thickness  and  liner  weight.  Pene¬ 
tration  time  and  emergent  Jet  velocity  of  uncased 
charges  (60/40  Cyclotol  or  50/50  Pentoiite, 

1.63-in.  diameter,  6-in.  long)  bearing  M9A1  and 
other  steel  liners  (45°-120°  apex  angles)  were 
measured  as  a  function  of  target  material  (viator, 
glass,  concrete,  Al,  steel,  brass,  Cu  and  Pb), 
target  thickness,  and  standoff.  All  measurements 
were  made  using  the  rotating  drum  camera  with  and 
without  multiple  slit  technique.  Four  flash 
photographs  of  M9A1  liners  are  included. 
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Carnegie  institute  of  Technology  (OEMsr-202). 
STUDIES  OF  A  SHAPED  CHARGE  ASSISTED 
SAP  BOMB,  by  Li  P.  Saxer.  Progress  rept. 

Jan.  18,  lG-ie,  33p.  illus.  dlagr.  (NDRC  Dlv.  8) 
OSRD  5605  Confidential 

A  brief  and  incomplete  study  on  a  1:6  model  srale 
w?.s  made  of  the  possibility  of  developing  a  shaped 
charge  assisted  bomb  for  atlacl.  of  armored  tar¬ 
gets.  The  bomb  consists  of  a  shaped  charge  head 
attached  to  the  500-lb.  SAP  bomb.  It  was  con¬ 
cluded  that  the  addition  of  such  a  head  would  add 
12  in.  in  length  and  250  lb.  In  wutght  to  the  full- 
scale  bomb  which  might  then  be  expected  to 
perforate  6  In.  of  homogeneous  armor  at  750 
ft. /sec.  striking  velocity.  An  appendix  contains 
tabulated  Information  concerning  hole  diameter 
measurements  for  steel,  Cu,  and  Al  liners  laving 
the  following  shapes:  cone,  trumpet,  Inverted 
trumpet,  cutting  tube  type,  hemisphere,  and 
hemiiorus.  Targets  were  armor  plate  or  mild 
steel. 
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Carnegie  Institute  of  Technology  (OEMsr-202). 

THE  APPLICATION  OF  FLASH  PHOTOGRAPHY 
TO  THE  STUDY  OF  EXPLOSION  PHENOMENA, 
by  E.  M.  Boggs  and  others.  Progress  rept. 

Jan.  28,  1946,  20p.  Ulus,  dlsgrs.  (NDRC  Dlv.  8) 
OSRD  5616  Confidential 

The  flash  photography  technique  discussed  la  con¬ 
cerned  with  the  development  of  a  relatively  long 
duration  light  source  for  use  wllh  the  drum  or 
mirror  camera  to  obtain  rate  pictures  of  rapidly 
moving  nan-luminous  phenomena.  A  transparent 
tube  filled  with  A  (gas),  wllh  an  explosive  pellet 
at  1  end  of  the  tube,  was  used  to  produce  the 
intense  light  cf  duration  (40-50  usee./.  The  action 
of  lined  and  unllned  charges  was  studied.  Cased 
charges  and  measurements  of  Initial  fragment 
velocity  were  investigated.  Some  of  the  shadow¬ 
graphs  obtained  were  studied  to  secure  an  estimate 
of  the  pressure  of  the  detonation  products  within 
the  expanding  case. 
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Carnegie  Institute  ol  Technology  (OEMsr-202). 

SHAPED  DETONATION  WAVES,  by  S.  J.  Jacobs 
and  R.  J.  Grabenstetter.  Progress  rept.  Jan. 

28,  1946,  3 lp.  illus.  diagrs.  (NDRC  Div.  0) 

OSFD  5603  Confidential 


The  possibility  of  improving  the  cavity  effect  by 
shaping  the  detonation  wave  was  Investigated 
using  cored  (TNT  or  Barotol)  chargee  (Pentoiite 
or  Comp.  B)  and  plane  wave  or  peripheral  Initia¬ 
tion.  Optical  and  brisance  studies  were  made  ol 
the  production  and  pel  fprmance  of  these  resulting 
types  of  shaped  detonation  waves;  wedge  shaped 
(cored  block  charge),  conical  (cylindrical  charge), 
toroidal  (cylindrical  charge),  and  cylindrical 
(tapered  charge).  The  addition  of  a  PhO  barrier 
(equal  to  peripheral  initiation)  or  a  wafer  (thin 
layer  of  explosive)  was  also  tested  to  determine 
its  usefulness  In  shaping  the  detonation  wave. 
Diagrams  of  the  test  charges,  brisance  depres¬ 
sions  and  means  of  initiation,  and  rotating  mirror 
camera  records  61  the  shots  fired  are  included, 

Carnegie  Institute  of  Technology  (OEMsr-202) 
see  also  Explosives  Research  Laboratory, 
Bruceton 
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Carnegie  Institute  of  Technology  (OETsr-950). 
DEFENSE  AGAINST  HOLLOW  CHARGES.  X, 
by  E.  M.  Pugh.  Jan.  27,  1944,  32p.  Inch  Ulus. 
diagrB.  (Armor  and  Ordnance  rept.  no.  A-242, 
NDRC  Div.  2)  OSRD  3199  Confidential 

Experiments  were  made  to  find  materials  or  com¬ 
binations  of  materials  that  might  be  effective  In 
defense  against  shaped  charges,  and  lo  study  the 
mechanism  by  which  the  Jets  from  shaped  charges 
were  able  to  penetrate  deeply  Into  armor  plate, 
plastic  armor,  and  other  materials. 
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Csmegie  Institute  £.i  Technology  (OEMsr-950). 
COMPARISON  OF  HEADED  AND  NONHEADED 
NO.  8  DETONATORS  USED  IN  INITIATING 
M9A1  SHAPED  CHARGES,  by  R.  J.  Lew  and 
R.  J.  Elchnlberger.  June  1,  1944,  4p.  dlagr. 
(Armor  and  Ordnance  memo.  no.  A-92M,  NDRC 
Dlv.  2)  OSRD  3715  Confidential 

A  number  of  tests  using  similar  M9A1  shaped 
charges  shows  that  charges  initiated  with  headed 
detonators  gave  a  larger  average  penetration  and 
a  smaller  standard  deviation  than  charges  Initiated 
with  nonheadea  detonators. 
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Carnegie  Institute  of  Technology  (OEMsr-950). 

A  THEORY  OF  TARGET  PENETRATION  OF 
JETS,  by  E.  M.  Pugh.  June  5,  1944,  42p.  incl. 
illus.  diagrs.  (Armor  and  Ordnance  rept.  no. 
A-27-1,  NDRC  Dlv.  2)  OSRD  3752  Confidential 

Experimental  facts  which  must  be  considered  In 
settingup  a  theory  that  could  explain  the  penetra¬ 
tion  of  jets  from  lined  shaped  charges  are  listed. 

A  section  which  treats  body  penetrations  and 
neglects  surface  affects  is  Included.  The  eflects  of. 
the  back  surfaces  of  target  plates  upon  the  residual 
penetrations  of  jets  were  investigated. 
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Carnegie  Institute  oi  Technology  (OEMsr-950). 

TESTS  OF  PLASTIC  MATERIALS,  byE.  M.  Pugh 
and  others.  Aug.  18,  1344,  9p.  diagr.  (Armor 
and  Ordnance  rept.  no.  A-2B8,  NDRC  Dtv.  2) 

OSRD  4048  Confidential 

Tests  have  been  completed  Co  determine  thf?  relc- 
tivc  effectiveness  ol  different  types  of  plastic 
armor  as  protection,  against  attack  by  shaped 
charges.  Comparative  iests  of  the  effectiveness  of 
various  types  arid  concentrations  ot  particles,  which 
were  mixed  with  bitumen,  were  made  by  means 
of  a  "merit"  ratio. 


will  defeat  shaped  charges.  Measurements  of 
residual  penetrations  into  mild  steel  placed  behind 
reinforced  concrete  slabs  protected  by  C.  25-in. 
mild  meel  front  plates  showed  that  concrete 
behaved  like  a  homogeneous  material  when  at- 
tacked  by  a.  shaped  charge. 
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Carnegie  Institute  of  Technology  [OEMsr-950].  _ 
DEFENSE  OF  CONCRETE  FORTIFICATIONS 
AGAINST  SHAPED  CHARGES,  by  E.  M-  Pugn 
andG.  H.  Wbwlow.  July  15,  1945,  14p.  Incl. 
illus.  diagrs.  (Monthly  rept.  OTB-12d,  N-  RC 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
DEFENSE  OF  CONCRETE  FORTIFICATIONS 
AGAINST  SHAPED  CHARGES,  by  E.  M.  Pugh 
and  G.  H.  Winslow.  Sepl.  15,  1944,  3p.  incl. 
table.  (Monthly  rept.  Ol’B-21,  NDHC  Dtv.  2) 
OSRD  414Bf  Confidential 

Preliminary  tests  on  15-lrt.  slabs  wero  made  to 
investigate  passible  target  sizes  and  problems 
involved.  These  tests  indicated  that  in  thick  con¬ 
crete,  penetration  does  not  depend  on  target  size, 
concrete  strength,  or  type  of  reinforcing. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
DEFENSE  OF  CONCRETE  FORTIFICATIONS 
AGAINST  SHAPED  CHARGES,  by  E.  M.  Pugh 
and  G.  H.  Winslow.  Ncv.  15,  1944,  5p.  IncL 
tables,  diagrs.  (Monthly  rept.  OTB-4d,  NDRC 
Div.  2)  OSRD  4357d  Confidential 

Woven  wire  mesh  was  used  to  reinforce  a  7-It. 
wall  prototype.  The  dimensions  of  the  prototype 
and  of  the  scaled  prototype  are  compared. 

L550 

Carnegie  Instituie  of  Technology  [OEMsr-950], 
DEFENSE  OF  CONCRETE  FORTIFICATIONS 
AGAINST  SHAPED  CHARGES,  by  E.  M.  Pugh 
and  G.  H.  Winslow.  Apr.  15,  1945,  Ep.  incl. 
tables,  diagr.  (Monthly  rep!.  OTB-9g,  NDRC 
Div.  2)  OSRD  4948g  Confidential 

Work  was  started  on  a  series  of  shots  to  determine 
the  minimum  thickness  of  solid  concrete  and  of 
spaced  concrete  for  complete  protection  against 
shaped  charges. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
DEFENSE  OF  CONCRETE  FORTIFICATIONS 
AGAINST  SHAPED  CHARGES,  by  E.  M.  Pugh 
and  G.  H.  Winslow.  May  15,  1945,  Ep.  incL 
tables,  diagrs.  (Monthly  rept.  OTB-lOb, 

NDRC  Div.  2)  OSRD  5094b  Confidential 

An  Investigation  was  made  to  obtain  targets  that 


Data  obtained  on  the  attack  of  a  scale-model  con¬ 
crete  fortification  wall  by  the  CIT  standard  charge 
are  presented. 
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Carnegie  Institute  of  Technology  [OEMsr-950], 
FUNDAMENTAL  PRLNCIPLES  OF  JE-  PENE¬ 
TRATION;  SECONDARY  PENETRATION  IN 
HOLLOW  CHARGE  TARGETS,  by  R.  J.  Eichel- 
berger.  Sept.  15,  1044,  5p.  incl.  ^c.diagrs. 
(Monthly  rept.  OTB-2g,  NDRC  Div.  2)  CSRD 


An  experimental  investigation  of  penetration  by 
shaped  charges  in  targets  was  made.  Additional 
penetration  was  accounted  for  by  the  Pugh  theory, 
but  not  by  the  Hill- Mott-Pack  theory. 
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Carnegie  Institute  of  Technology  [OEMsr-950). 
FUNDAMENTAL  PRINCIPLES  OF  JET  PENE¬ 
TRATION;  SECONDARY  PENETRATION  IN 
HOLLOW-CHARGE  TARGETS,  by  E.  M.  Pugh 
and  R.  J.  Elchelberger.  Nov.  15;  1944,  4p.  incl. 
tabic,  diagr.  (Monthly  rept.  OTB-4e,  NDRC 

—  0\  neon  AQ^7n  /VinllHMltlnl 


Tests  on  targets  of  combined  mild  steel  and  armor 
are  reported.  Data  are  shown  for  primary  and 
secondary  Jet  penetration  produced  by  varying 
position  of  armor  plate  in  a  pile  of  mild  steel 
plates. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
PROTECTION  OF  ARMORED  VEHICLES 
AGAINST  SHAPED  CHARGES.  DYNAMIC  TESTS 
OF  PLASTIC  AND  STEEL  ARMOR  COMBINA¬ 
TIONS,  by  E.  M.  Pugh.  Sept.  15,  1944,  4p. 

Incl.  tables.  (Monthly  rept.  OTB-2e,  NDRC 
i)i 2)  oSRD4!40e  Confidential 

Dynamic  tests  against  HCR1  and  11CR2  with  the 
M0A3  (Bazooka)  and  an  experimental  shaped 
charge  projectile  were  carried  out. 
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Carnegie  Institute  cl  Technology  [OEMsr-950J. 
PROTECTION  OF  ARMORED  VEHICLES 
AGAINST  SHAPED  CHARGES.  STATIC  TESTS 
OF  PLASTIC  AND  STEEL  ARMOR  COMBINA- 
.TIONS,  by  E.  M.  Pugh  and  R.  X.  Eichelberger. 
Sept.  15,  1944,  4p.  incl.  table,  diagrs.  (Monthly 
rept.  OTB-2d,  NDRC  Div.  2)  CSRD  4140& 

.  Conlldenllal 

Two  plastic  materials,  HCR1  composed  of  50% 
atomized  Al,  401  asphalt  and  10%  wood  flour, 
and  HCR2  composed  of  80%  Lllesville  gravel 
(0.  75  in.  to  2.  25  in.),  15%  asphalt,  and  5%  wood 
flour, were  developed  to  protect  armored  vehicles 
against  shaped  charges. ' 
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Carnegie  Institute  of  Technology  [QEMsr-950]. 
CORRELATION  BETWEEN  RESIDUAL  PENE¬ 
TRATION  OF  SHAPED  CHARGES  IN  MILD 
STEEL  AND  PERCENTAGE  OF  PERFORATIONS 
IN  HOMGPLATE,  by  E.  M.  Pugh  and  R.  J.  Eichel¬ 
berger.  Oct.  15,  1944,  Gp.  inch  table,  dlagrs.  . 
(Monthly  rept.  GTB-3b,  NDRC  Div.  2)  OSRD 
42f>Bb  Confidential 

The  method  of  obtaining  correlation  of  residual 
penetration  in  mUd  steel  and  percentage  of  per¬ 
foration  in  homoplate  is  described.  Better  judg¬ 
ment  as  to  which  combinations  cf  plastic  armor 
and  homoplate  are  effective  against  the  standard 
charge  will  be  obtained  from  this  correlation. 
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Carnegie  Institute  of  Technology  [OEMsr-950], 
PROTECTION  AGAINST  SHAPED  CHAKGE3 
AFFORDED  BY  SPACED  ARMOR,  byE.  M.  Pugh 
and  R.  J.  Eichelberger.  -Oct.  15,  1044,  4p.  Inch 
tables,  diagr.  (Monthly  rept.  OTB-3c,  NDRC 
Dlv.  2)  OSRD  4258c  Confidential 

Preliminary  experiments  are  reported  in  which 
spaced  armor  was  used  to  decrease  the  weight  of 
protection  needed  for  armored  vehicles.  An  at¬ 
tempt  was  made  to  gain  seme  advantage  by  spacing 
the  front  plate,  which  is  used  to  protect  plastic 
armor,  from  the  front  surface  of  the  plastic. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
SCALING  LAWS  FOR  CONCRETE  TARGETS 
ATTACKED  BY  SHAPED  CHARGES,  byE.  M.  Pugh 
and  G.  H.  Winslow.  Oct.  15,  1944,  3p.  tncl.  d.'agr. 
(Monthly  rept.  OTB-3d,  NDRC  Div.  2)  OSRD4258d 

Confidential 

The  Importance  of  perforation  of  slabs  neces¬ 
sitated  more  rigid  control  of  the  concrete  than  if  • 
penetrations  alone  into  massive  concrete  were  to 
be  measured.  Princeton  and  British  scaling  laws 
for  penetration  by  lined  charges  are  presented. 


LS60 

Carnegie  Institute  of  Technology  fOEMsr-950). 
FUNDAMENTALS  OF  JET  PENETRATION; 
THEORY  OF  JET  PENETRATION.  byE.  M.  Pugh 
and  E.  L,  Fireman.  Nov.  15,  1944,  lOp.  Ind. 
dlagrs.  (Monthly  rept.  OTB-4f,  NDRC  Div.  2) 
OSRD  43571  Confidential 

The  differential  equation  for  Jet  penetration  wan 
solved  without  any  approximations.  This  new 
expression  fer  primary  penetrations  vs.  stand¬ 
off  agrees  with  experimentation  at  large  but  not 
at  small  standoff.  A  numerical  example  is  shown 
which  relates  the  theoretical  and  experimental 
penetration- stand  of!  results  for  mild  steel  targets. 

L5G1 

Carnegie  Institute  of  Technology  [OEMflr-950]. 
PROTECTION  OF  ARMORED  VEHICLES 
AGAINST  SHAPED  CHARGES,  EFFECT  OF 
PARTICLE  SIZE,  GRADING,  AND  COMPOSI¬ 
TION  UPON  STOPPING  POWER  OF  LILESVILLE 
GRAVEL  PLASTICS,  by  E,  M.  Pugh  and 
R.  J.  Eichelberger.  Nov.  15,  1944.  4p.  Inch 
tables.  (Monthly  rept.  OTB-4c,  NDPC  Dlv.  2) 
OSRD  4357c  Confidential 

Tests  were  made  In  an  attempt  to  find  some 
method  of  improving  the  HCR2.  The  gravel  sire 
and  grading  were  varied.  Experiments  showed 
that  HCR2  composition  (80%  gravel,  20%  type-B 
mastic)  could  not  be  improved  to  any  appreciable 
extent 

L502 

Carnegie  Institute  of  Technology  [OEMsr-950]. 
DYNAMIC  TESTS  ON  HCR2  AT  ABERDEEN, 
by  E.  M.  Pugh  and  R.  J.  Eichelberger.  Dec.  15, 
1944,  lOp.  incl.  tables.  (Monthly  rept  OTB-5c, 
NDRC  Div.  2)  OSRD  4477c  Confidential 

Tests  were  made  to  find  some  combination  of 
plastic  armor  and  front  plate  that  would  stand  up 
under  attack  by  HE  and  AP  ammunition,  and 
afford  protection  for  an  M4  tank  against  shaped 
charge  ammunition.  Tests  were  made  with 
105-mtn.  HEAT  and  Panzerfausts. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
FUNDAMENTAL  PRINCIPLES  OF  JET  PENE¬ 
TRATION.  STUDIES  OF  CONTROL  SHOTS,  by 
W.  H.  Bessey  and  others.  Dec.  15,  1944,  9p. 
incl.  illus.  diagrs.  (Monthly  rept.  OTB-5d, 

NDRC  Dlv.  2)  OSRD  4477d  Confidential 

An  investigation  was  made  tc  improve  the  uni¬ 
formity  of  charges,  and  to  reduce  or  eliminate  the 
variability  In  their  performance.  Frequency 
distributions  for  penetrations  produced  by  CIT 
charges  in  massive  mild  steel  at  2-,  4-,  and 
6-in.  standoffs  are  shown. 
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Carnegie  Institute  of  Technology  [OEMsr-950]. 
DEFENSE  OF  ARMORED  VEHICLES  AGAINST 
SHAPED  CHARGES.  WEIGHTS  AND  THICK¬ 
NESSES  OF  PROTECTP/E  SLABS,  byE.  M.  Pugh 
.and  E.  Fireman.  Mar.  15,  1945,  3p.  incl.  diagr. 
(Monthly  rept.  OTB-8g,  NDRC  Div.  2)  OSRD  4829g 

Confidential 

Calculations  were  made  for  weights  and  thick¬ 
nesses  of  slabs  filled  with  protective  materials  of 
different  densities  that  must  be  added  to  protect 
an  M4  tank  against  a  large  Bhaped  charge. 

L5G5 

•  Carnegie  Institute  of  Technology  [OEMsr-950]. 

FUNDAMENTALS  OF  PENETRATION  BY  JETS, 
by  E.  Fireman  and  E.  M.  Pugh-  Mar.  15,  1945, 
lCp.  incl.  diagrs.  (Monthly  rept.  OTB-8h, 

NDRC  Div.  2)  OSRD  4829h  Confidential 

The  method  of  calculating  residual  penetration  la 
described  which  makes  use  of  the  penetratlcm- 
standotf  curve.  Experiments  to  check  the  curves 
using  water,  Pb,  and  24ST  A1  arc  reported. 

L563 

Carnegie  Institute  of  Technology  [OEMsr-050]. 
FUNDAMENTALS  OF  PENETRATION  BY  JETS, 
by  E.  M.  Pugh  and  E.  Fireman.  Apr.  15,  1945, 

Pp.  inch  diagrs.  (Monthly  rept.  OTB-9h, 

NDRC  Div.  2)  OSRD  4948h  Confidential 

An  investigation  was  made  to  determine  whether  a 
series  of  s2abs  containing  materials  of  different 
densities  could  be  arranged  to  afford  better  pro¬ 
tection  than  that  of  a  single  homogeneous  material 
having  the  same  total  weight  and  thickness. 

Residual  penetration  equations  are  presented. 

L5G7 

Carnegie  Institute  of  Technology  [OEMsr-95C], 
PROTECTION  OF  ARMORED  VEHICLES 
AGAINST  SHAPED  CHARGES,  USE  OF  CHEMI¬ 
CAL  COMPOUNDS,  by  E.  M.  Pugh  and 
R.  J.  Kicheibcrger.  Mar.  15,  1D45,  7p.  inch 
table,  diagr.  (Monthly  rept.  OTB-8f,  NDRC 
Div.  2)  CSRD  48291  Confidential 

Tests  on  oxidizing  agents  and  Inert  materials  to 
defeat  shaped  charges  were  made.  Substances 
included  were  NH4NO3,  NajCOs,  KCIO4,  Mg02, 
sand  (dry),  air,  steel,  etc. 

L56B 

Carnegie  Institute  of  Technology  [OEMsr-950], 
COMPARISON  OF  HCR2  WITH  METALS  OF 
COMPARABLE  DENSITY  AS  DEFENSE  AGAINST 
SHAPED  CHARGES,  by  E.  M.  Pugh  and 
R.  J.  Eichelborger.  Apr.  15,  1945,  3p.  tncl. 
table.  (Monthly  rept.  OTB-9I,  NDRC  Div.  2) 

OSRD  49481  Confidential 


HCR2  was  compared  with  homogeneous  materials 
ol  comparable  density  (Dowmelal,  24ST  A1  alloy) 
to  find  under  what  conditions  HCR2  afforded 
superior  protection  against  shaped  charges. 

L569 

Carnegie  Institute  of  Technology  [OEMsr-950]. 

NEW  TYPES  OF  PLASTIC  ARMOR  FOR  DE¬ 
FENSE  AGAINST  SHAPED  CHARGES,  by 
B.  M.  Pugh  and  R.  1.  Elchelberger.  Apr.  15^ 
1945,  5p.  incl.  table.  (Monthly  rept.  OTB-9e, 
NDRC  Div.  2)  OSRD  4948e  Confidential 

Plastics  ranging  !n  density  from  0. 62  to  2.  lOg./cc. 
were  tested.  Plastics  containing  hard  steel  balls, 
glass  marbles,  etc. ,  were  also  tested. 

L57D 

Carnegie  Institute  of  Technology  [OEMsr-950). 

SPIKE  DEFENSE  AGAINST  SHAPED  CHARGES. 

[Ij,  by  E.  M,  Pugh  and  R.  J.  Elchelberger. 

Apr.  15,  1945,  12p,  incl.  table,  diagrs.  (Monthly 
rept.  OTB-9d,  NDRC  Div.  2)  OSRD  4943d 

Confidential 

Long  spikes  were  developed  to  destroy  the  Jet 
action  instead  of  absorbing  the  penelrating  energy 
•  of  shaped  charges.  Test  results  shoved  that  these 
spike  targets  completely  defeated  the  M3A3  bazooka 
at  normal  incidence  arid  at  all  angles  up  to  at  least 
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Carnegie  Institute  ot  Technology  [OEMsr-950]. 

SPIKE  DEFENSE  AGAINST  SHAPED  CHARGES, 
n,  by  E.  M.  Pugh  and  R.  J.  Elchelberger, 

June  15,  1945,  7p.  Incl.  table,  illus.  (Monthly 
rept.  OTB-lla,  NDRC  Div.  2)  OSRD  5220a 

Confidential 

Work  continued  on  spikes  for  defeating  the  MGA3 
bazooka  in  an  attempt  to  reduce  the  length  and 
weight  cf  the  spikes,  and  to  make  them  less  vul¬ 
nerable  to  damage  by  blast  and  fragments.  Tests 
were  made  on  5/8-in.  diameter  drill  rod  spikes 
fired  at  a  range  of  approximately  20  ft.,  and  at 
0°,  20°,  and  40°  angles  of  Incidence. 

L572 

Carnegie  Institute  of  Technology  [CEMsr-9501. 

SPIKE  DEFENSE  AGAINST  SHAPED  CHARGES. 
ID,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 

July  15,  1945,  6p.  Incl.  Illus.  diagr.  (Monthly 
rept.  OTB-12c,  NDRC  Div.  2)  OSRD  5350c 

Confidential 

Tests  were  made  with  the  M0A3  bazooka  on  targets 
wi*h  greater  spacing  of  spikes  to  determine  how 
much  spacing  is  possible  and  other  conditions  that 
must  be  met  with  increased  spacing.  The  spikes 
were  made  of  drill  red,  hardened  to  approximately 
430  Brinell,  and  were  press-fitted  into  0. 75-in. 
mild  steel  plates. 
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Carnegie  Institute  of  Technology  [OEMsr-ffSO). 

COMPOSITE  TARGETS  OF  HCR2,  STEEL,  AND 
24 ST  ALUMINUM.  [1],  by  E.  M.  Pugh  and  others. 
May  1C,  1945,  8p.  tncl.  table,  dlagrs.  (Monthly 
rept.  OTB-lOc,  NDRC  Dlv.  2)  OSRD  5094c 

C  onfidential 

Test  results  are  given  for  composite  targets  of 
HCR2,  steel,  and.  2.4ST  AL  The  experimental 
data  are  giver,  with  the  equivalent  thicknesses, 
equivalent  weights,  and  ratios  of  experimental  to 
theoretical  values  of  residual  penetration. 

L574 

Carnegie  Institute  of  Technology  fOEMsr-950]. 

COMPOSITE  TARGET3  OF  HCR2,  STEEL,  AND 
24ST  ALUMINUM.  H,  by  E.  M.  Pugh  and  others, 
June  15,  1945,  8p.  incl.  table,  dlagrs.  (Monthly 
rept.  OTB-l'ic,  NDRC  Div.  2)  OSRD  5220c 

Confidential 

Work  was  continued  to  find  some  combination  of 
HCR2,  steel,  and  24ST  A1  that  would  provide  better 
protection  against  shaped  charges.  Changes  of 
areal  density  and  thickness  were  kept  at  a  minimum. 

L575 

Carnegie  Institute  of  Technology  [OEMsr-950]. 
PENETRATION-STANDOFF  CURVE  FOR 
GERMAN  PANZERFAUST  AND  VARIOUS  TAR¬ 
GETS  TESTED  WITH  PANZERFAUST,  by 
E.  M.  Pugh  and  R.  J.  Etchelberger.  May  15, 

1945,  9p.  Incl.  table,  dlagrs.  (Monthly  rept. 
OTB-lOa,  NDRC  Dlv.  2)  OSRD  5094a 

Confidential 

Combinations  of  hcmoplate  and  HCR2  designed  to 
give  increased  AP  protection  were  tested  against 
statically  and  dynamically  llred  Panzerfausts.  The 
penelration-standofl  curve  is  shown  which  was  ob¬ 
tained  when  the  Panzerfausts  were  fired  statically 
into  stacks  of  the  homoplate  combinations. 

L576 

Carnegie  Institute  of  Technology  [OEMsr-950]. 

SPACED  ARMOR,  by  E.  M.  Pugh  and  others. 

May  15,  1945,  6p.  incl.  tables,  diagr.  (Monthly 
rept.  OTB-lOd,  NDRC  Dlv.  2)  OSRD  5094d 

Confidential 

Experimental  results  from  spaced  armor  as  a  pro¬ 
tection  against  shaped  charges  are  presented.  The 
spaced  armor  targets  were  chosen  to  be  com¬ 
parable  with  a  standard  target  of  4  in.  of  HCR2  and 
0.  25- In.  mild  steel  lace  piale. 

L577 

Carnegie  Institute  of  Technology  fOEMsr-950]. 

SPACED  STEEL  TARGETS,  by  E.  M.  Pugh 
and  others.  June  15,  1945,  4p.  incl.  table. 

(Monthly  rept.  OTB-llb,  NDRC  Div.  2)  OSRD 
5220b  Confidential 


Homoplate  and  mild  steel  targets  were  compared 
In  order  to  determine  the  difference  in  surface 
effect  fn  spaced  metal  targets.  Data  are  presented 
for  a  homoplate  target  tested  previously,  and  for 
a  mild  steel  target  tested  at  0.  5-and  2-in.  stand¬ 
offs  with  the  statically  tired  CIT  standard  charge. 

L57Q 

Carnegie  Institute  c i  Technology  [OEMsr-950]. 
PENETRATION-STANDOFF  CURVES  FOR  CIT 
STANDARD  CHARGE  AND  M6A3  BAZOOKA; 
SECONDARY  PENETRATION  CURVES  FOR 
STANDARD  CHARGE,  by  E.  M.  Pugh  and 
R.  J.  Etchelberger.  July  15,  1945,  I2p.  incl. 
tables,  dlagrs.  (Monthly  rept.  OTB-12b,  NDRC 
Dim.  S)  OSRD  5359b  Confidential 

Penetration-standoff  curves  are  shown  for  CIT  ’ 
standard  charges  fired  Into  mild  steel  and  homo- 
plate,  and  lor  tie  MSA3  bazooka  fired  Into  mild 
steel.  From  tbs=>c  curves,  an  approximate  curve 
of  secondary  prostration  in  mild  steel  as  a  func¬ 
tion  of  standoff  was  deduced  for  the  standard 
charge. 

L579 

Carnegie  Institute  cf  Technology  [OEMsr-950], 
PERFORMANCE  OF  HOLLOW-CHARGE 
WEAPONS,  by  W.  H.  Bessey  and  others.  July 
15,  1945,  17p.  incl.  tables,  dlagrs.  (Monthly 
rept.  OTB- 12f,  IfDRC  Dlv.  2}  OSRD  5350f 

Confidential 

Factors  investigated  which  affect  the  performance 
of  hollow  charge  weapons  include  over-all  sliape 
and  size  of  the  projectile,  type  and  amount  of  ex¬ 
plosive,  and  the  construction  and  shape  of  the 
liner.  Various  German,  Japanese,  and  US  weapons 
and  shells  are  discussed. 

LSOO 

Carnegie  Institute  cf  Technology  [OEMsr-050]. 
SPACED  24ST  ALUMINUM-TARGETS,  by 
E.  M.  Pugh  and  ethers.  July  15,  1945,  7p.  IncL 
tables,  dlagrs.  (Monthly  rept.  OTB-12e, 

NDRC  Div.  2)  OSRD  5350e  Confidential 

Targets  made  up  of  spaced  plates  of  24ST  A1  were 
tested  against  statically  fired  charges.  Results 
are  (-'eluded  of  variation  of  number  of  plates, 
variation  of  air  space,  effect  of  steel  face  plate, 
and  effect  of  light  material  In  place  of  air. 

L581 

Carnegie  Institute  of  Technology  [OEMsr-950], 
FUNDAMENTALS  OF  JET  PENETRATION,  by 
E,  M.  Pugh  and  E.  L.  Fireman.  Aug.  15,  1345, 
17n.  incl.  tables,  diagrs.  (Monthly  rept. 

OTB-13e,  NDRC  Dir.  2)  OSRD  5462® 

Confidential 

A  penetration-standoff  relation  was  developed 
which  converged  so  rapidly  that  the  first  ap¬ 
proximation  fitted  the  available  experimental 
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curves  satisfactorily.  Penetration-standoff 
curves  Iltled  for  the  baxooka  M9A3,  German 
Panxerfaust,  and  several  CIT  charges  give  the 
magnitude  of  varices  let  properties  which  hr  torn 
can  be  correlated  with  the  charge  design  and  lire 
care  used  in  manulacture. 

L5B2 

Carnegie  Institute  of  Technology  [OEHisr-0501. 

GLASS  TARGETS,  by  E.  M.  Pugh  and  others. 

Aug.  15r  1945.  Gp.  Inch  tables,  dlagrs.  (Monthly 
rept.  OTB-13c,  NDRC  Div.  2)  C5RD  5462c 

Confidential  . 

Glass  targets  (plastic  armor  composed  of  80% 
Akrolith  glass  marbles  0. 75-ln.  In  diameter  and 
20%  type  B  wood-flour  mastfc,  and  glass  platers 
of  heavy  and  hammered  glass)  were  tested  an 
protection  against  shaped  charges,  and  compared 
with  other  target  types. 

L5B1 

Carnegie  Institute  of  Technology  [OEMsr-950]. 

STATISTICAL  ANALYSIS  OF  SHAPED-CHARGE 
EXPERIMENTS,  by  E.  M.  Pugh  and  others. 

Aug.  15,  1945,  13p.  Incl.  table,  dlagrs.  (Monthly 
rcpt.  OTB-13d,  NDRC  Div.  2)  OSRD  54  02d 

Confidential 

A  method  for  analysing  the  penetrations  obtained 
with  shaped  charges  fired  Into  Identical  targets 
is  proposed.  The  analysis  Indicated  that  the  fre¬ 
quency  distribution  of  measurements  depended 
upon  the  charges,  standoff,  target  composition, 
and  target  thickness. 
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Carnegie  Institute  of  Technology  (OEMsr-950). 

PROTECTION  AGAINST  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Final  rept.  Aug.  1,  1943- 
Nov.  10,  1945.  Feb.  1946,  302p.  incl.  lllus. 
dlagrs.  (NDRC  rept.  no.  A-384,  Div.  2)  OSRD 
6384  Confidential 

This  final  rept.  covers  jet  penetration  fundamentals, 
protection  of  armored  vehicles  against  shaped 
charge  weapons,  and  defense  of  concrete  fortifica¬ 
tions  against  shaped  charges.  Appendixes  are 
included  on  performance  of  shaped  charge  weapons, 
radiographic  studies  of  shaped  charges,  method 
of  curve  fitting,  derivation  ol  a  consistent  residual 
penetraticn  theory,  specifications  for  charges  used 
in  testing  protection  for  armored  vehicles,  statis¬ 
tical  analysts  of  shaped  charge  experiments,  and 
correlation  between  residual  penetrations  and 
percentage  protection  afforded  by  various  pro¬ 
tective  armors. 
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Carnegie  Institute  of  Technology  (W3B-O0I-ORD-2773). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  1.  Feb.  1, 

1949,  5p.  Confidential 

(Not  Indexed;  material  covered  In  final  rept.,  this 
contract,  item  no.  L5B3.J 
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Carnegie  Institute  of  Technology  (W30-O61-OKD-2773). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  2.  Apr.  1, 

1946,  22p.  illus.  dlagrs.  Confidential 

(Not  Indexed;  material  covered  In  final  rept.,  thin 
contract,  item  no.  L58B.) 
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Carfiegtc  Institute  of  Technology  (W3 6-031 -ORD-2773). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  3.  June  1,  1948, 

55p.  incl.  tables,  dlagrs.  (Rept.  no.  CIT-ORD-3) 

Confidential 

(Hot  indexed;  material  covered  In  final  rept. ,  this 
contract,  item  no.  L588.) 
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Carnegie  Institute  of  Technology  (W30-061  -ORD-2773). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Final  rep*.  June  30,  1946,  S2p. 

Incl.  illus.  dlagrs.  TIP  C51798  Confidential 

The  primary  purpose  of  the  Investigation  of  the 
fundamentals  of  shaped  charges  ts  discussed. 

Results  of  measurements  of  jet  velocity  and  pene- 
iratton  velocity  for  standard  shaped  charges  fired 
into  steel  and  glass  targets  are  given  and  com¬ 
pared  and  are  used  to  calculate  jet  characteristics 
which  may  be  Inferred  from  the  completed  ex¬ 
periments.  A  study  was  made  to  try  to  determine 
the  kind  of  asymmetry  of  charge  construction 
which  is  chiefly  responsible  for  poor  performance 
of  seemingly  well  made  charges.  Various  types 
and  thicknesses  of  glass  targets  were  Investi¬ 
gated  and  definite  conclusions  were  drawn  re¬ 
garding  the  effect  of  different  variables  on  the 
stopping  powers  of  the  targets.  An  attempt  at 
a  theoretical  explanation  of  the  phenomena  en¬ 
countered  is  included.  An  attempt  is  made  to 
adapt  Bethe's  theory  for  the  penetration  of  armor 
by  projectiles  to  shaped  charge  jets.  Curves  are 
given  for  the  hole  volume  in  mild  steel  and  armor 
plate  as  a  function  of  standoff.  Bethe's  dynamic 
theory  Is  also  discussed  and  applied  to  shaped 
charges. 

L589 

Carnegie  Institute  of  Technoloav  (W36-061 -ORD-2773) 
[W3G-061-ORD-2879]. 

FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  4.  [Bimonthly 
rept.  no.  1].  Aug.  1,  1946,  2£p.  Inc!.  Ulus, 
dlagrs.  (Reel.  no.  CIT-ORD- 1)  Confidential 

A  description  of  2  electronic  methods  (method  I, 
"break’1  system  and  method  It,  "make  "  system)  of 
measuring  jet  velocity  and  penetration  velocity  of 
shaped  charge  iets  against  various  target  materials 
(steel  and  glass)  is  presented.  A  mathematical 

.  method  for  calculating  hole  contours  from  a  theory 
developed  for  the  penetration  oi  armor  by  pro¬ 
jectiles  and  from  measurements  of  jet  and  pene- 
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tration  velocities  Is  describe!  Results  are  given 
for  application  o£  this  theory  to  hole  contours  £n 
mild  steel  and  armor  plate  at  a  standoff  of  2  In. 

A  formal  calculation  which  leads  to  a  bulge  in  the 
hole  contour  Is  Included. 
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Carnegie  Institute  of  Technology  (W3B-06I-ORD-2BT9) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
L-  M.  Pugh  and  others.  Dfmonthly  rept.  no.  Z. 
Oct,  31,  1946,  49p.  incl.  lllus.  diners.  (Repl 
r.o.  CIT-ORD-5)  Confidential 

Detailed  experiments  on  velocity  of  target  pene¬ 
tration  (using  Ihe  electronic  method  of  measure¬ 
ment)  and  on  jet  collection  are  described.  The 
effects  on  charge  performance  of  scrap  Pentollte, 
and  pouring  temperature  of  molten  Pentollte,  were 
investigated.  Work  was  continued  on  the  stopping 
power  of  glass  targets  against  jets  from  Cu  :ind 
steel  liners. 
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Carnegie  Institute  of  Technology  (W36-061-ORD-287B) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E,  M.  Pugh  and  3.  J.  Eichelbergor.  Bimonthly 
rept.  no.  3.  Dec.  31,  1946,  25p.  Inch  tables, 
diagrs.  (Rept.  no.  CIT-ORD-6)  Confidential 

An  investigation  was  made,  using  the  rotating 
mirror  camera,  of  the  penetrating  characteristics 
and  the  velocity  gradient  of  the  Jet  formed  bv  an 
M9A1  Cu  liner. 
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Carnegie  Institute  of  Technology  (W3G-061-ORD-2879) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  0, 
annual  summary.  June  30,  1947,  205p.  fuel, 
lllus.  diagrs.  (Rept.  no.  CIT-ORD-G) 

TIP  C50209  CanfidtalbU, 

A  reprint  of  the  paper  "Explosives  with  Lined 
Cavities"  by  Birkhoff,  MacDougall,  Pugh,  and 
Tayloi  is  Included.  Techniques  are  described 
for  measuring  penetration  depth,  hole  volume, 
jet  velocities,  penetration  times,  jet  masses, 
and  momentum  anti  energy.  Experimental  results 
are  given  for  velocity  distribution  measurement!} 

In  jets.  A  comparison  was  made  of  velocity  dis¬ 
tributions  for  P2,  S2,  and  CA4  charges.  Two 
mechanisms  were  proposed  which  may  explain  the 
presence  of  a  velocity  gradient.  Pugh's  model 
of  the  jet  and  the  penetration  process  were  shown 
to  substantiate  experiments  with  mild  steel  tar¬ 
gets  at  various  standoffs.  A  casting  technique  is 
described  which  gives  more  consistent  charges 
than  have  been  obtainable.  A  performance  specifi¬ 
cation  for  the  manufacture  of  shaped  charges  Is 
discussed.  An  experiment  was  proposed  which  may 
help  to  decide  which  of  2  mechanisms  (1  based  on 
penetration  data,  and  the  other  based  on  velocity 
data)  is  of  primary  importance  in  explaining  the 
abnormal  stopping  power  of  glass.  A  method  is 
given  for  calculating  hole  profiles  based  on  an 
adaptation  theory  for  armor  penetration  by  pro¬ 
jectiles  and  on  measurements  of  Jet  and  penetra¬ 
tion  velocities. 
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Carnegie  Institute  of  Technology  (W36-061-ORD-2373) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  4. 
Feb.  28,  1947,  106p.  incl.  tables,  diagrs.  (Rept. 
no.  CIT-ORD-7)  Confidential 


The  effects  of  variations  in  standoff  upon  the  pene¬ 
tration  phenomenon  were  studied.  Comparisons 
of  penetration  in  various  target  materials  were 
made.  Charges  of  various  types  of  explosives,  con¬ 
fined  and  unconfined,  were  tested.  A  mathematical 
analysis  of  standoff  experiments  is  appended. 
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Carnegie  Inst  itute  of  Technology  (W36-0Q I-ORD-  2  879) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  R.  J.  Eichelberger.  Bimonthly 
rept.  no.  5.  Apr.  30,  1947,  46p.  Incl.  tables, 
diagrs.  (Rept.  no.  CIT-ORD-8)  TIP  C393 

Confidential 

A  study  of  the  characteristics  of  the  Jet  formed  by 
the  Cu  lined  S2  charge  was  completed.  A  new 
chemical  method  for  separating  collected  jet  par¬ 
ticles  from  waste  material  is  described.  Revised 
mass  measurements  are  given  for  a  set  of  jet 
collection  experiments. 
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Carnegie  Institute  of  Technology  (W3G-OG1-ORD-2879) 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  R.  J.  Eichelberger.  Bimonthly 
rept.  no.  7.  Aug.  31,  1947,  40p.  incl.  il!us. 
diagrs.  (Rept.  no.  CIT-ORD-IO)  TIP  C394 

Confidential 

Experiments  concerning  the  effect  of  gas  pressure 
inside  the  liner  on  the  formation  of  a  shaped  charge 
jet  are  reported,  and  It  was  concluded  that  no 
measurable  effect  on  the  characteristics  of  the  jet 
i.smade  by  Mach  waves.  Test  results  from  cylin- 
-*loai  liners  arc  compared  with  standard  lined 
charge  results.  Curves  of  penetration  depth  vs. 
standoff,  and  of  Me  volurr.evs.  standoff,  are 
presented.  Experiments  were  carried  out  to 
determine  tha  conditions  under  which  the  velocity 
distributions  in  jets  from  similar  charges  remain 
constant. 
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lrncg!e  institute  of  Technology  (W36-061-ORD-2879) 
FUNDAMENTALS  OF  SH.4FED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  8, 
Cel.  31,  1947  ,  20p.  incl.  dtagrs.  (Rept.  no. 
CIT-ORD-n)  TIP  C957  Confidential 


The  procedure  used  in  correlating  charge  per¬ 
formance  with  liner  imperfections  is  described. 
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A  special  mechanism  postulated  to  explain  the 
weakening  ol  glass  with  Increasing  depth  of  pene¬ 
tration  is  discussed. 
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Carnegie  Institute  of  Technology  (W36-«:-CRD-2079). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rep*,  no.  9. 

Dec.  31,  1947,  57p.  Incl.  graphs,  dtagrs.  (Kept, 
no.  CIT-ORD-12)  TIP  C957  Confidential 

Experiments  on  the  use  of  explosives  as  protec¬ 
tion  against  shaped  charges  are  reported.  Ex¬ 
perimental  results  of  an  Investigation  of  Uner 
imperfections  made  with  specially  measured  steel 
liners  are  given.  A  discussion  of  basic  statistical 
concepts  and  quantities  and  of  distributions  en¬ 
countered  in  shaped  charge  work  is  presented. 
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Carnegie  Institute  of  Technology  (W36-OS1-ORD-2679). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  10. 

Feb.  29,  1948,  54p.  incl.  tables,  diagrs.  (Rept. 
no.  CIT-ORD-13)  TIP  C9E7  Confidential 

Experiments  to  determine  whether  an  after- Jet 
could  be  formed  by  extrusion  from  the  slug  were 
performed.  Jet  recovery  tests  with  U9A1  steel 
conical  liners  were  made.  Slug  recovery  results 
were  correlated  with  Jot  collection  data.  An 
attempt  to  correlate  geometric  liner  imperfec¬ 
tions  and  charge  performance  was  made. 
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Carnegie  Institute  of  Technology  (W3C-061-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  R.  von  Helne-Geldem.  Bimonthly 
rept.  no.  11.  Apr.  30,  1943  ,  65p.  iccL  tables, 
dlagrs.  (Rept.  no.  CIT-ORD-14)  TIP  C 9 58 

Confidential 

Investigations  to  eliminate  the  causes  ef  excessive  • 
variability  in  shaped  charge  performance  were 
undertaken.  Experiments  dealing  with  the  eflects 
of  steel  confinement  and  boaster  thickness  on  charge 
performance  are  reported.  The  distribution  of 
average  penetrations  and  standard  deviations  from 
samples  of  various  sizes  are  described. 
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Cai  negio  Institute  of  Technology  (7/35- 551 -CRD-2S7S). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  hv 
E.  M  Pugh  and  others.  Bimonthly  rept.  no.  12, 
annual  Bummary.  June  30,  1948,  Led. 
tables,  dlagrs.  (Rept.  no.  CIT-ORD-15)  TIPC953 

Confidential 

A  theory  of  Jet  formation  is  discussed.  A  de¬ 
scription  of  the  jet  from  an  M9A1  steel  conical 
liner  from  formation  to  target  penetration  Is 
given.  The  investigation  of  charge  imperfections 
and  their  effects  was  continued.  The  use  of  smaller 
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samples  for  statistical  predictions  and  tests  with 
accuracy  comparable  to  that  obtainable  only  with 
large  Bamples  is  being  investigated. 
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Carnegie  Institute  of  Technology  (W3B-OG1-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  repl_  no.  li 
Aug.  31,  1946,  57p.  Incl.  tables,  diagro.  (Rept. 
no.  CIT-GRD-1S)  XU?  C14S1  Confidential 

Experiments  are  described  in  which  the  mecha¬ 
nisms  of  Jet  formation  and  target  penetration  for 
charges  with  nemlspnerical  liners  are  compared 
with  conical  lined  charges.  A  correlation  experi¬ 
ment  using  10P  specially  measured  M8A1  steel 
liners  was  repeated  at  the  place  of  manufacturing, 
so  that  the  charges  were  not  shipped  to  another 
point.  A  small  tut  significant  negative  correlation 
between  wall  tnickuess  variations  and  charge 
performance  was  found.  The  theory  underlying 
the  electro-optic  (Xerr  cell)  shutter  and  the  hlgh- 
Intenslty  light  flash  is  discussed.  A  short  bibliog¬ 
raphy  on  the  Kerr  cell  In  included. 
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Carnegie  Institute  of  Technology  (W3G-081-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  14. 
Oct.  31,  1D4C,  28p.  Incl.  Ulus,  diagrs.  (Rept. 
no.  CiT-ORD-17)  TIP  C14C5  Confidential 

Attempts  were  made  to  describe  hole  volumes  at 
different  standoffs,  and  hole  diameters  at  various 
depths  for  a  given  standoff  by  using  Bethe'u 
equal  Ion  together  with  known  jet  characteristics. 
Measurements  were  made  of  the  penetration  for  a 
P2  charge  fired  into  a  mild  steel  target  at  4-ln. 
standoH  and  of  cumulative  hole  volumes  In  mild 
steel  targets. 
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Camcglelnstltule  of  Technology  (W36-061-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  R.  von  Ilelnc -Geldern.  Bi¬ 
monthly  rept.  no.  15.  Dec.  31,  1948,  13p.  Incl. 
Ulus,  diagrs.  (Rept.  no.  CIT-ORD-18)  TIPC1580 

Confidential 


A  mclhed  of  photographing  shaped  charge  phe¬ 
nomena  Is  described  in  which  the  shaped  charge 
Jet  triggers  both  the  light  source  and  the  shutter 
at  the  required  instant.  The  Kerr  cell  used  Is  too 
small  to  allow  use  of  the  camera  at  full  aperture 
(f/1.  5);  all  pictures  taken  showed  some  blurring 
due  to  the  motion  of  the  jet  and  of  target  particles. 
The  experimental  method  was  undesirable  also 
because  the  triggering  that  takes  place  inside  the 
box  in  which  (he  jet  is  photographed  produces 
clouding  of  the  picture  due  to  a  apray  of  target 
material  on  either  side  of  the  trigger  plates. 
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Carnegie  Institute  of  Technology  (W36-C61  -  OFD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,,  by 
E.  M.  ' Pugh  and  others.  Bimonthly  rept.  no.  10. 
Feb.  28,  1949,  84p.  inch  lllus.  tables,  r'Jagrn. 
(Rept.  no.  CIT-ORD-19)  TIP  C2155 

Conlldcntlal 

A  new  theory  ol  jet  formation  from  metal  linere, 
which  ia  consistent  with  known  experimental 
evidence  and  with  the  theories  of  detonation  rates 
and  ol  scaling  laws  for  explosive  phenomena, 
considers  the  whole  process  to  be  continuous 
Instead  of  comprising  primary  and  alter  Jets. 

It  assumes  that  the  liner  collapse  velocity  de¬ 
creases  toward  the  liner  base.  This  slowing  dowtr 
as  the  detonation  wave  proceeds  toward  the  base  • 

Is  sufficient  to  account  for  the  slow  portion  of  the 
jet  because  it  decreases  the  speed  with  which  the 
elements  approach  the  axis  to  be  divided  Into  Jet 
and  slug,  curves  the  collapsing  liner  into  such  a 
shape  that  a  larger  percentage  ol  it  enters  the  jet, 
and  Introduces  a  gradient  into  the  Jet  that  causes  it 
to  lengthen  during  Its  formation  as  well  as  alter 
the  formation  Is  completed.  A  convenient,  method 
for  determining  the  velocity  distribution  In  a  Jet  is 
presented  and  illustrated  by  comparison  of  the  Jets 
from  M9A1  Cu  and  6teel  liners.  Experimental 
evidence  on  the  penetration  of  Jets  Into  various 
target  materials  Indicates  that  the  hydrodynamic 
theory  seems  to  give  a  correct  picture  of  the 
process  except  In  the  case  of  glass  targets.  This 
behavior  might  be  attributed  to  their  extremely 
high  strength  on  rapid  loading  and  their  ability  to 
spread  the  jet.  Experiments  arising  from  the 
Shaped  Charge  Symposium  of  Oct.  1948  on: 

(1)  simultaneous  firing  of  neighboring  shaped 
charges,  and  (2)  protection  by  destruction  of  the 
jet  by  explosive  steel  and  explosive  glass  laminated 
targets  are  reported.  Experimental  distributions 
of  a  number  of  sample  parameters  were  Investi¬ 
gated,  using  6000  "artificial"  penetrations.  New 
conclusions  from  this  study  are  listed. 


L605 

CarnegielnstituteofTcchnology  (W36-OG1-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  17. 
Apr.  30,  ’.949,  40p.  Lncl.  table,  diagrs.  (Rept. 
no.  CIT-ORD-20j  TIP  C2B59  Confidential 

Since  the  new  theory  of  Jet  penetration  is  de¬ 
pendent  upon  a  single  mechanism  of  Jet  formation, 
a  modified  mathematical  background  for  the 
theory  is  presented.  The  discussion  considers 
the  Initial  reaction  of  the  liner  to  the  impact  of 
the  detonation  wave,  the  behavior  of  the  collapsing 
liner,  and  the  formation  of  the  Jet  and  slug. 
Mathematical  details  of  the  theory  are  appended. 
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CamegielnBiltuteof  Technology  (W30-O61-ORD-287D). 
FUN"-  MENTALS  OF  SHAPED  CHARGES,  by 
E.  1 1  Pugh  and  others.  Bimonthly  rept.  no.  13, 
annual  summary.  Part  L  June  30,  1949.  S4p. 
inch  illus.  diagro.  {Rept.  no.  CIT-ORD-21) 

TIP  C331D  Confidential 

The  hydrodynamic  theory  of  Jet  formation  Is 
reviewed,  and  its  failure  to  explain  the  velocity 
gradient  and  the  effect  of  the  after -jet  is  noted. 

A  modification  of  this  theory  is  presented  which 
takes  Into  accomt  the  non-bteady  state  existing  in 
the  phenomenon  and  describes  the  Jet  in  Us 
entirety.  Experimental  verification  by  velocity 
measurements,  slug- recovery,  2nd  a  study  of 
liner  collapse  is  reported.  The  theory  of  large! 
penetration  based  on  Bithe's  theory  (Including 
hole  volume  and  hole  profile)  was  reexamined. 
Penetration  depths  and  tlme3  were  measured  ai 
various  standoffs  and  the  results  are  shown 
graphically.  It  was  concluded  that  the  theory  In 
its  present  form  Is  not  adequate  for  consideration 
of  penetration  by  high  speed  jeta,  although  It 
nepras  to  agree  very  well  with  observations  on  the 
low  speed  portion  ol  the  jet. 
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Carnegie  Institute  of  Technology  (W36-061-ORD-2879). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
R.  von  Helne-Geldern  end  others.  Bimonthly  rept. 
no.  18,  annual  summary,  Part  IL  June  30,  1949, 
p.  65-102  lncl.  Illus.  diagrs.  (Rept.  no.  CIT- 
ORD-21)  TIP  C3310  Confidential 

An  unexpected  result  was  obtained  when  the  second 
half  of  a  group  of  charges  was  tested  1  year  after 
the  first  half;  the  second  half  shoved  an  increase 
of  14%  In  average  penetration.  No  explanation  of 
this  effect  was  suggested.  The  CIT  casting  pro¬ 
cedure  in  which  'a  special  device  aligns  the  liner 
axis  with  the  charge  axis  was  compared  with  the 
conventional  casting  procedure  in  which  the  flango 
is  used  for  alignment;  charges  made  by  the  latter 
method  gave  a  standard  deviation  almost  3  times 
greater  than  the  former  and  less  average  pene¬ 
tration.  Work  on  high  speed  photography  Is  also 
reported.  An  improved  Kerr  cell  shutter,  circuit 
developments,  and  the  development  of  the  Kerr 
cell  unit  are  discussed.  The  following  experi¬ 
mental  techniques  are  described:  triggering, 
exposure  by  light  of  the  jet  only,  photography  of  a 
shaped  charge  fired  into  a  vacuum,  and  photog¬ 
raphy  of  shock  waves  from  charges  detonated 
under  various  conditions. 
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Carnegie  Instituted  Technology  (W36-061-ORD-2B79). 
INVESTIGATION  OF  THE  MtSZNAY-SCHARDIN 
EFFECT,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  1.  Apr.  30,  1948,  16p.  lncl. 
tables,  diagrs.  (Rept.  no.  CIT-ORD-M1) 

TIP  C593DD  Confidential 
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Preliminary  Investigations  have  produced  fragment 
velocities  comparable  to  those  claimed  by  German 
physicists  using  the  Mlsznay-Schardln  effect- 
Tlie  phenomenon  la  to  be  used  in  the  design  of . 
■warheads  ior  "Wizard"  guided  missiles. 


Carnegie  Institute  of  Technology  (W3C-0BI-ORD-2870). 
INVESTIGATION  OF  THE  MJS  ZNAY-SC HARDIN 
EFFECT,  by  K.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  2-  June  30,  1D4B,  lOp.  Inch 
Ulus,  tables.  (Rept.  no.  CTT-ORD-M2)  TIP  C 50301 

Conlldentlal 

ExperimeniH  were  periormed  using  a  new  velocity 
measuring  technique  with  charges  supplied  with 
flat  steel  discs.  Additional  experiments  showed, 
that  increasing  the  length  of  a  charge  beyond  I  In. 
Increased  the  energy  imparted  to  a  disc  very  slowly. 
A  charge  4  In.  long  gave  about  20(&  more  energy  to 
the  disc  than  a  charge  I  In.  long.  A  number  of 
shots  were  made  using  Improved  measuring 
techniques  and  Improved  charges  to  check  pre¬ 
vious  results.  Testa  on  the  effect  of  charge  length 
were  carried  out  to  determine  the  minimum 
length  of  charge  required  to  give  the  desired 
penetrating  power. 


Carnegie  Institute  of  Technology  (W2G-061-ORD-2878). 
INVESTIGATION  OF  THE  MISZNAY-SCHAIUHN 
EFFECT,  by  E.  M.  Pugh  and  others.  Bimonthly 
rept.  no.  5.  Deo.  31,  1948,  27p.  Incl.  Ulus, 
dlagrs.  (Rent.  no.  CIT-0RD-M5)  TIP  C59301 

Confidential 

Experimental  results  on  the  effect  ol  charge 
design  upon  penetrating  power  of  the  Mlsznayw 
.  3 chardln  fragments  showed  that  for  every  charge 

design  there  is  an  optimum  liner  thickness  that 
gives  the  most  penetrating  fragments,  but  this 
optimum  thickness  depends  upon  the  charge 
dimensions.  Tests  with  simulated  warheads 
showed  that  fragments  that  arc  barely  capable 
of  perforating  the  coslrg  can  detonate  the  charge 
if  their  Initial  velocity  la  sufficiently  high;  the 
fragment  capable  of  the  greatest  depth  of  pene¬ 
tration  Is  not  necessarily  the  most  effective  lor 
detonating  target  charges.  An  exploratory  liner 
design  Intended  to  produce  the  uniform  distribu¬ 
tion  of  fragments  desired  for  the  Wizard  warhead 
was  tested. 


Carnegie  Institute  of  Technology  (W35-061-OED-2879). 
INVESTIGATION  OF  THE  MIS  ZNAY-SC  HARDIN 
EFFECT,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  3.  Aug.  31.  1948,  13p.  Incl. 
lllus.  dlagrs.  (Rept.  no.  CIT-ORD-M3)  TIP  C59302 

Conlldentlal 

Target  damage  caused  by  fragments  from  flat 
steel  discs  was  Investigated.  The  simple  flat 
liner  did  not  give  a  satisfactory  pattern.  Prelimi¬ 
nary  experiments  on  spherical  shaped  liners  showed 
that  such  liners  yielded  a  very  satlslactory  disper¬ 
sion  of  fragments  and  velocities  high  enough  to 
bo  useful  In  the  Wizard  warhead.  Results  of  an 
experiment  with  flat  plates  set  at  an  angle  to  the 
charge  axis  showed  that  regardless  of  obliquity, 
an  element  of  a  shaped  liner  can  be  expected  to 
travel  In  a  direction  slightly  toward  the  axis  from 
the  normal  to  Its  surface. 


Carnegie  Institute  of  Technology  (VV30-061-ORD-2879). 
INVESTIGATION  OF  THE  MISZNAY-SCHARDIN 
EFFECT,  by  E.  M.  Pugh  end  others.  Bimonthly 
rept.  no.  4.  Oct.  31,  1948,  17p.  Incl.  Ulus,  dlagrs. 
(Repi.  no.  CIT-ORD-M4)  TIP  C59303 

Confidential 

A  preliminary  study  of  scaling  effects  In  Mtsznay- 
Schnrdtn  charges  Indicated  that  for  geometrically 
similar  charges  the  velocity  of  fragments  was 
independent  of  charge  dimensions  and  that  the 
depth  of  penetration  by  the  fragments  Increased 
linearly  with  charge  dimensions.  Tests  were 
carried  out  In  an  attempt  to  control  the  fragment 
size. 


Carnegie  Institute  of  Technology  (W36-QG1-ORD-2H70). 
INVESTIGATION  OF  THE  IdEZNAY-SCHARD.'N 
EFFECT,  by  E,  M.  Pugh  and  others.  Bimonthly 
rept.  no.  8.  Feb.  28,  1949,  31p,  tables,  dlagrs, 
(Rept.  no.  CIT-ORD-M6)  TIP  C59305 

Confidential 

Tests  on  controlled  fragmentation  showed  that  the 
size  of  fragments  projected  from  the  end  of  a  high 
explosive  charge  can  be  controlled,  within  limits, 
by  cutting  grooves  In  the  liner.  An  investigation  of 
Uic  vulnerability  ol  cased  high  explosive  charges  to 
Initiation  by  high  velocity  fragments  substantiated 
earlier  conclusions  that  provided  a  fragment  has 
sufficient  kinetic  energy  to  perforate  the  casing, 
its  velocity  after  perforation  Is  the  critical  factor 
in  determining  whether  or  not  It  will  cause  Initiation/ 
One  test  was  made  with  1:5  scale  prototype  charge 
In  connection  with  the  Wizard  warhead.  The 
charge  was  cylindrical  In  shape  and  had  a  Hat  disc 
steel  liner.  Results  showed  that:  (1)  control  over 
fragment  size  was  not  complete;  (2)  penetrating 
power  of  the  fragments  was  satisfactory  since 
nearly  all  fragments  that  hit  within  the  critical 
area  perforated  the  target;  (3)  the  distribution  of 
fragments  sas  fairly  satisfactory;  and  (4)  there 
were  visible  on  the  target  only  a  few  pits  due  to 
fragments  that  lay  outside  the  desired  cone  of 
dispersion/  Tests  wore  carried  out  on  charges 
with  half  or  totally  imbedded  steel  balls  in  the  develop¬ 
ment  of  the  fragment  gun.  The  only  tests  that  were 
even  partially  successful  were  those  In  which 
etcei  bearing  balls  were  completely  Imbedded  in 
Pentollte  charges. 
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Carneglelnstituteof  Technology  (W36-081-ORD-2679). 
INVESTIGATION  OF  THE  MISZNAY-SCHARDIN 
EFFECT,  by  E.  M.  Pugh.  Bimonthly  rcpt.  no.  7. 
Apr.  39,  1949,  14p.  Incl.  tables,  diagrs.  {Repi. 
no.  CIT-ORO-M7)  TIP  C5930G  Confidential 

The  experimental  data  obtained  so  far  cn  tha 
Misznav-Schardiu  effect  are  recapitulated.  Tho- 
charges  used  in  the  experiments  were  50/50 
Pentokie  covered  at  1  end  with  an  Integral  steel  disc, 
plain  or  grooved,  or  a  single  layer  of  steel  balls. 
These  data  were  used  to  design  prototype  charges 
and  to  predict  their  performance.  Controlled 
fragmentation,  fragment  velocity,  and  fragment 
penetration  (according  to  the  de  Marre  formula) 
are  discussed.  It  was  concluded  that  very  probably 
the  Misw-iy-Schardln  effect  can  be  used  as.  the 
basis  of  a  satisfactory  warhead  for  the  Wizard 
missile. 


Carnegie  Institute  of  Technology  (W36-061-ORD-2879). 
INVESTIGATION  OF  THE  MISZNAY-SCHARDIN 
EFFECT,  by  E.  M.  Pugh  and  K.  S,  Elchelberger. 
Bimonthly  rept.  no.  8.  ifune  30,  1049,  21p.  Incl. 
illus.  diagrs.  (Rept.  no.  CIT-ORD-M8) 

TIP  C59307  Confidential 

Results  of  controlled  fragmentation  tests  with 
grooved  steel  discs  showed  that  a  ratio  of  charge 
diameter  to  liner  thickness  of  at  least  20®  was 
necessary  for  satisfactory  control  of  fragAie.it 
size.  Neglecting  small  diameter  charges,  results 
showed  that  groove  depth  was  unimportant;  liners 
having  ratios  of  groove  depth  to  liner  thickness  of 
0.  32, 0. 50,  and  0. 64  gave  essentially  uniform  re¬ 
sults  over  a  wide  variety  of  conditions.  The 
minimum  value  of  groove  spacing  to  disc  thlckneso 
for  complete  control  was  judged  to  be  between 
1.  0  and  2. 0  (S).  Charges  fired  to  study  the 
characteristics  of  fragment  charges  based  on  the 
end  effect  indicated  that  a  simple  flat  or  spherical 
charge  end  would  not. yield  an  efficient  distribution 
of  fragments.  The  most  efficient  sliape  for  the 
charge  cr.d  depended  upon  the  aspect  ratio  (ratio  cf 
length  tc  diameter)  of  the  charge  and  possibly  upon 
the  liner  used. 


Carnegie  Institute  of  Technology  (W3  6-061 -ORD-2879). 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  otherG. 
Bimonthly  rept.  no.  1.  Aug.  3  I,  154B,  43p.  incl. 
illus.  diagrs.  (Rept.  no.  CIT-ORD-R1) 

TIP  C59300  Confidential 

Experiments  are  described  in  which  the  principle 
of  fluting  liners  to  minimize  the  effect  of  rotation 
was  investigated.  Calculations  made  from  the 
theory  with  fluted  trumpet  and  conical  liners  dis¬ 
agreed  with  experimental  results;  reasons  for 
the  disagreement  are. discussed.  A  discussion 
is  appended  or.  the  design  of  a  fluted  liner  to  pro¬ 
duce  optimum  penetration  when  rotated  at  320  r.  p.  s. 


Carnegie  Institute  of  Technology  (W3a-06X-QRD-Z87ai. 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  2.  Oct.  31,  1940,  18p.  IncL 
Ulus,  diagrs.  (Rept.  no.  CIT-ORD-R2) 

•  TIP  C59309  Confidential 

Tests  on  Iluted  liners  added  further  evidence  In 
favor  of  the  use  of  these  liners  for  the  counter¬ 
action  of  the  detrimental  effects  of  rotation.  Slug 
recovery  experiments  substantiated  indications 
from  volume  measurements  that  rotation  causeo 
the  energy  of  a  jet  to  be  spread  over  a  larger  area 
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liner  collapse  and  Jet  formation. 


*CarnegleInstUuteofTeehnoIogy(W36-06I-ORD-2879). 
ROTATED  CHARGES,  by  E.  M.  Pughapd  otherB. 
Bimonthly  rept.  no.  3.  Dec.  31,  194B,  23p.  IncL 
illus.  diagrs.  (Rept.  no.  C1T-ORD-R3) 

TIP  C59310  Confidential 

Tests  with  trumpet  shaped  liners  Indicated  that 
in  all  respects  they  are  equal  In  effectiveness  to 
conical  liners.  Tests  with  deeply  fluted  conical 
liners  showed  that  it  Is  possible  to  compensate 
for  high  rotational  velocities  and  that  the  optimum 
velocity  was  at  least  roughly  proportional  to  llie 
flute  depth.  Extensive  slug  recovery  experiment 
with  conical  liners  substantiated  earlier  evidence 
that  the  basic  processes  oi  liner  collapse  and  jet 
formation  were  not  affected  by  rotation  of  the 
charge. 


Carnegie  Institute  of  Technology  (W38-OC1-ORD-2879). 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  4.  Feb.  28,  1949,  lOp.  IncL 
tables.  (Rept.  no.  CIT-ORD-R4)  TIP  C59311 

Confidential 

Five  groups  of  Cu  liners  made  by  drawing  and 
electro-deposition  were  fired;  all  had  the  Game 
basic  design  (42°  angle  1. 69-in.  base  diameter, 

0.  045-in.  wall  thickness)  each  wilh  16  flutes  of 
varying  depths.  Test  results  showed  the  change  in 
flute  shape  by  milling  was  sufficient  to  change 
completely  the  Uner  performance  characteristics. 
Results  obtained  with  the  apex  sections  of  liners 
and  observations  of  twisted  flute  liners  on  re¬ 
covered  slugs  showed  that  when  the  flute  depth  Is 
a  linear  function  of  the  radius,  each  small  ring 
element  of  the  liner  is  compensated  at  a  different 
rotational  velocity.  When  the  flute  depth  Is  large, 
the  variation  in  the  compensation  velocity  along 
the  liner  for  the  various  elements  is  so  rapid  ■  . 
that  there  is  no  single  velocity  at  which  an 
appreciable  part  of  the  liner  is  compensated. 
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Carnegie  Instituted  Technology  (W36-061-ORD-287Qy. 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  5.  Apr.  30,  1949,  I3p.  incL 
illus.  diagrn.  {Rept.  no.  CIT-ORD-R5) 

TIP  C69312  Confidential 

Data  on  tinted  liners  lor  rotated  charges  obtained 
so  far  are  summarized.  Data  are  given  also  for 
2  new  fluted  liners,  1  having  a.  maximum,  flute 
depth  at  the  base  of  0.  Olfi  In.  (group  X}:  and  the 
other  having  a  maximum  depth  of  0. 025  In. 

(group  XI).  Both  groups  were  made  of  standard 

_  o4,  Mnnn  V  nan*. 
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tratlon  of  about  8.4  in.  occurred  at  about  80 
ft. /sec. ;  while  for  group  XI,  maximum  penetration 
of  about  8. 8  in.  occurred  at  about  150  ft.  /sec. 


Carnegie  Institute  of  Technology  {W50-061-OFD-2879}. 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  6,  annual  summary.  June  30, 
1843,  26p.  Inc!,  illue.  dlagrs.  {Rept.  no. 

.  CIT-ORD-ri0)  TIP  C59313  Confidential 

All  data  obtained  during  the  first  year  of  experi¬ 
mental  investigation  with  iluted  liners  aro  dis¬ 
cussed.  New  fluted  Cu  liners  (16  flutes,  maxi¬ 
mum  depth  0. 035  In.)  were  fired  from  a  fl-in. 
standoif  into  mild  steel  targets.  Maximum  pene¬ 
tration  depths  were  6. 8  In.  and  6. 7  in.  at  ±330 
and  ±360  r.  p.  s. ;  the  hole  volumes  for  these  shots 
were  12.3  and  14.6  cm.  These  values,  compared 
with  those  obtained  from  tne  same  basic  type  of 
liner  without  fluting  and  fired  statically,  indicated 
that  73%  compensation  had  been  achieved.  It  was 
concluded  that  fluted  liners  could  be  manufactured 
to  counteract  the  detrimental  effects  of  rotation 
to  such  an  extent  that,  at  some  rotational  velocity, 
they  would  perforin  as  well  as  similar  smooth 
liners  fired  statically,  and  that  good  compensation 
could  be  achieved  with  rounded  flutes. 


Carnegie  Institute  of  Technology  (W38-061-ORD-2879). 
SURVEY  OF  DEVICES  FOR  PROTECTING 
ARMORED  VEHICLES  AGAINST  SHAPED 
CHARGES.  CHARGES  WITH  LINED  CONICAL 
CAVITIES,  by  E.  M.  Pugh,  Special  rept.  June 
30,  1949,  16p.  TIP  C3300  Confidential 

Devices  far  protecting  tanks  from  shaped  charge 
weapons  are  discussed  in  considerable  detail; 
an  estimation  oi  the  value  of  each  is  given  after 
the  advantages  and  disadvantages  are  commented 
upon.  The  devices  are:  splkeB,  small  shaped 
charges,  wire  screens,  HE  between  metal  or 
glass  sheets,  chemical  compositions,  low-density 
materials,  A1  alloy  plate,  Mg  alloy,  glass  blocks 
and  glass  plal  es,  plastic  armor,  spaced  armor, 
and  skirting  plates.  The  3  devices  considered 
practical  are:  fastening  steel  spikes  to  the  armor 
plate,  combining  hard  A1  armor  plate  on  the  out¬ 
side  with  homogeneous  steel  armor  on  the  inside. 


and  combining  glass  blocks  or  spaced  glass 
plates  in  a  steel  panel  on  the  outside  with  homo¬ 
geneous  steel  armor  on  the  inside. 


Carnegie  Institute  of  Technology  (W36-QG1-ORD-2B10). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  19. 
Aug.  31,  1949,  43p.  incl.  illus.  tables.  (neFt. 
no.  CIT-OIU>-22)  (Formerly  contract  W36-0QI- 
ORD-2872)  TIP  C3308  Confidential 

Experiments  on  the  ellect  of  the  order  of  manu¬ 
facture  of  explosive  charges  and  the  Influence  of 
different  molds  are  reported.  It  was  concluded 
that  the  order  of  manufacture  had  no  effect  on 
average  penetration,  and  that  penetrations  con¬ 
tributed  by  the  different  molds  could  be  assumed 
to  have  parent  distributions  With  equal  standard 
deviations  but  not  with  equal  means.  In  the  study 
of  shaped  charge  jets  by  high  speed  photography, 
it  was  found  that  the  shroud  surrounding  the  jet  was 
eliminated  by  using  perfectly  conical  liners  of 
the  common  type  having  flat  apexes.  A  series  of 
photographs  show  the  progressive  stages  of  ; 
perforation  of  a  steel  target;  another  Illustrates  a 
jet  broken  up  into  particles  at  relatively  long 
standoif.  The  phenomena  resulting  from  the  inter¬ 
ference  of  shock  waves  arc  discussed. 


Carnogielnstitutc  ol  Technology  (W36-061-ORD-2910). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  20. 
Oct  31,  1949;  42p.  ind.  illus.  diagr3.  (Rept. 
no.  CIT-QP.D-23)  TIP  C3757  Confidential 

Experiments  arc  described  In  which  charges  lined 
with  apex  sections  of  various  heights  from  M9A1 
steel  liners  were  fired  into  S2  A1  targets.  The 
holes  produced  in  these  targets  were  found  to  in¬ 
crease  in  depth  and  diameter  as  the  height  of  the 
liner  was  increased,  the  details  of  which  were  not 
understandable  in  terms  of  the  simple  theories  of 
iet  formation,  target  penetration,  and  cavitation. 
Various  hypotheses  were  considered  In  an  attempt 
to  explain  the  qualitative  details  of  hole  growth. 

Two  classes  of  mechanisms  are  distinguished,  those 
which  involve  the  jet  formation  process,  and  those 
which  involve  the  process  of  target  penetration. 
Further  experiments  were  carried  out  to  evaluate 
the  relative  Importance  of  the  proposed  mecha¬ 
nisms.  Of  the  mechansims  that  involve  the  jet  for¬ 
mation  process,  the  interaction  oi  shock  waves 
reflected  from  charge  boundaries  and  the  process  of 
ductile  drawing  between  the  slug  and  jet  were 
significant,  and  capable  of  explaining  most  of  the 
details  of  target  damage  produced  by  sectioned 
liners.  The  "skinning"  of  the  large  diameter 
elements  at  the  rear  of  the  jet  may  significantly 
affect  the  process  of  target  penetration. 


SECRET  ! 


SECQETT 


3HAPEH  CH&BGEG 


1-625 

Carnegie  Institute  of  Technology  (W36-051-OHD-2010K 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  anti  others.  Bimonthly  rept.  no.  21. 
Dec.  31,  19-10,  4 Op.  Ulus.  (Rept.  no.  C1T- 
ORD-24)  TIP  C3758  Confidential 

The  first  section  describes  an  Improved  Kerr  cell 
using  3  rather  than  the  conventional  2  electrodes. 
Ilaiso  discusses  vcr.tzi  impiavemeris  In  trigger¬ 
ing  and  pulsing  circuits  which  make  synchroniza¬ 
tion,  light  source,  and  shutter  opening  more 
dependable.  The  second  section  on  experimental 
results  includes  recent  photographs  of  explosive 
phenomena,  and  shows  tnst  truly  conical  linern 
are  completely  free  of  the  shroud  that  accompanies 
lfners  with  Hat  apexes.  The  pari  entitled  "Shaped 
charge  jets  in  air"  deals  with  the  factors  In¬ 
fluencing  jet  diameter.  "Target  materials" 
describes  the  effect  of  shock  waves  from  jets  on 
glass  and  Plexiglass  targets.  Tha  Illustrations  of 
these  shock  waves  are  considered  unique,  and 
indicate  that  Hie  penetration  of  glass  requires 
enough  energy  to  meli  it  whereas  the  penetration 
of  metal  needs  only  enough  energy  to  make  It  flow 
plastically.  "Interaction  of  Jets  and  targets" 
deals  with  the  spalling  tint  results  when  Cu  liners 
are  fired  against  steel  targets,  and  the  effects  of 
Cu  liners  against  glass  and  Plexiglass  targets. 

L62S 

Carnegie  Institute  of  Technology  (W30-O61-ORD-291O). 

•  FUNDAMENTALS. OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  22. 
Feb.  28,  1950,  7Pp.  inel.  lllus.  diagrs.  (Rept. 
no.  CIT-ORD-25)  TIP  CS2005  Confidential 

The  differential  equation  lor  the  collapse  of  a 
shaped  charge  liner  is  transformed  and  an  analyti¬ 
cal  solution  obtained  in  terms  of  the  mass  divi¬ 
sion  parameter'/?  .  Previous  experimental  tech¬ 
niques  (slug  recovery  and  jet  collection  from- 
grooved  and  presectioced  (multiple  division) 
liners)  for  obtaining/? are  discussed  and  an  Im¬ 
proved  method  of  slug  recovery  (single  division 
liners)  is  described  by  means  of  which  more  ac¬ 
curate  values  of  /?  are  obtained.  Application  of 
the  mathematical  analysis  to  slug  recovery  data 
lor  3  different  liner  designs  (Sl-Idj  steel,  S2-Id 
copper,  and  M9A1  steel  liners)  yields  results  that 
disagree  with  observations.  An  Initial  condition 
applied  in  the  treatment,  which  assumes  that 
the  process  is  steady- stats,  Is  evidently  the  cause 
of  the  discrepancies.  Inspection  of  the  results 
Indicate  that,  even  initially  the  collapse  process 
varies  rapidly  enough  to  make  such  a  condition 
inapplicable. 
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Carnegie  fnstituieof  Technology  (W36-001-GRD-2910). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh  and  others.  Bimonthly  rept.  no.  23. 
Apr.  30,  1350,  B2p.  lnd.  illus.  tables,  diagrs. 
(Rept.  no.  CIT-ORD-26)  TIP  C  52296 

Confidential 


A  double  Kerr  cell  camera  for  taking  2  pictures 
slightly  displaced  In  time  Is  described.  Photo¬ 
graphs  show  the  manner  in  which  detonation  pro¬ 
gresses  around  a  corner.  To  determine  the  effect 
confinement  had  on  detonation  velocity,  an  8 -in, 
pentollte  charge  of  rectangular  cross  section 
(l  In.  x  0.  5  in.  thick)  was  detonated  In  contact 
with  a  1-In.  steel  plate.  The  results  shewed  that 
the  detonation  front  v»a3  perpendicular  to  the  axis 
of  the  charge;  there  appeared  to  be  no  change  In  . 
detonation  velocity  due  to  the  confinement,  for  tt 
there  were,  the  detonation  front  would  bo  Blanted 
l,  the  direction  of  travel  of  the  detonation  wave 
or  away  from.it,  thus-indicating  an  Increase  or 
decrease  In  detonation  velocity.  Photographs  show 
that  the  tubular  charge  and  the  conical  cavity 
charge  caused  more  target  damage  than  the  Hat- 
ended  charge.  Several  methods  for  obtaining 
better  pictures  of  shock  waves  are  presented. 
Photographs  are  shown  of  jets  traveling  through 
water,  producing  shock  waves  and  cavitation. 
Results  showed  that  there  was  Interference  when 
2  adjacent  shaped  charges  were  detonated  noa- 
slmultaneously.  Additional  experiments- are 
described  which  were  designed  to  detect  any 
changes  In  the  optical  properties  of  the  glass  of 
.  the  envelope  seen  In  pictures  of  jets  penetrating 
glass  targets.  The  shape  of  the  area  In  which 
the  optical  changes  took  place  and  Its  location 
with  respect  to  the  jet  seemed  to  Indicate  that  it 
was  bounded  by  the  shock  wave,  and  that  a  residual 
strain  was  present  inside  It.  The  statistical 
analysis  Is  continuing  In  which  the  artificial  popula¬ 
tion  of  6000  penetration  values  was  used  to  obtain 
information  on  the  sampling  distribution  of  certain 
parameters  (sample  range,  3rd  and  4th  central 
moments,  and  variance  ratio),  In  order  to  deter¬ 
mine  If  these  parameters  are  useful  In  shaped 
charge  work. 
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Carnegie  Institute  of  Technology  (W30-G61-ORD-201O). 
FUNDAMENTALS  OF  SHAPED  CHARGES,  by 
E.  M.  Pugh.  Bimonthly  rept.  no.  24.  Annual 
summary.  June  30,  1950,  66p.  incL  lllus.  dlagra. 
(Rept.  no.  CIT-ORD-27)  TIP  C4V81 

Confidential 

A  system  of  calculation  was  developed  based  on  the 
generalized  theory  of  cone  collapse  and  Jet  forma¬ 
tion.  The  significant  physical  quantities  associated 
with  cone  collapse  and  jet  formation  can  be  pre¬ 
dicted  from  measurements  of  slug  mass  distribu¬ 
tion  and  the  velocity  of  the  jel  front.  The  statisti¬ 
cal  level  of  slgnillcance  of  the  predicted  values 
can  be  estimated.  Four  charge  designs  were 
analyzed.  A  comparlsi  n  of  the  predicted  and 
observed  velocities  of  Hie  front  ol  a  jet  demon¬ 
strated  that  a  steady-state  initial  condition  wan 
not  obtained.  The  statistical  level  of  significance 
of  slug  recovery  data  was  improved  wiih  single- 
division  cones.  Calculations  from  slug  recovery 
data  ol  the  significant  quantities  in  cone-collapse 
theory  are  given.  Results  Indicate  that  charge 
and  cone  axes  should  coincide  within  5  min.  of  are 
for  optimum  charge  performance.  Photographs 
of  jets  In  the  process  of  perforating  steel  plates 
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show  that  the  amount  of  spoil  produced  by  the  Jet 
decreases  with  Increased  plate  thickness.  The 
simultaneous  detonation  of  2  shaped  charges 
placed  near  each  other  did  not  Interfere  with  the 
process  of  jet  formation.  When  the  charges  were 
detonated  at  different  times,  poor  performance 
was  obtained  from  the  last  detonation. 

•  (TIP  abstract) 
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Carneftle Instituted  Technology  (W3G-061-ORO-2910). 
INVESTIGATION  OF  THE  MIS  ZN  AY -SC  KAFDIlfr 
EFFECT,  by  E.  m.  Pugh  and  re.  J.  Elchelberger. 
Bimonthly  rept.  no.  9.  Aug.  31,  1949,  25p.  incl. 
dlagra.  (Rept.  no.  CIT-ORD-M9)  TIP  C59314 

Confidential 

Experiments  with  3  types  of  1:4  scale  charges 
are  described.  The  fragment  dispersions  and 
velocities  and  the  penetration  depths  are  com¬ 
pared  lo  specification  requirements  for  the 
Wizard  warhead.  Two  types  of  liner  were  used: 

1  grooved  in  a  "waffle"  pattern  and  1  composed 
of  matrices  of  small.  Individual  hexagonal  pieces. 
The  latter  type  gave  more  accurate  control  of 
fragment  size.  It  was  concluded  that  the  Mloznay- 
Scharnin  effect  ran  be  used  to  produce  an  elective 
warhead. 
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Carnegie  Institute  of  Technology  (W36-0C1-ORD-2910). 
INVESTIGATION  OF  THE  MISZNAY-SCUARDIN 
EFFECT,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  10.  Oct.  31,  1949,  32p. 
incl.  illus.  diagrs.  (Rept.  no.  CIT-ORD-MIO) 

TIP  C 59315  Confidential 

Results  of  recent  tests  with  model  warhead  charges 
show  that  control  of  fragment  size  by  grooving 
liners  Is  not  as  effective  aB  had  been  hoped  but 
seems  to  be  adequate;  liners  composed  of  discrete 
particles  will  undoubtedly  give  better  perfor¬ 
mance.  Tests  with  numerous  charge  shapes  have 
been  made  In  an  attempt  lo  determine  the  princi¬ 
ples  governing  the  direction  In  which  fragments 
are  propelled  by  the  Mlsznay-Schardln  effect 
and  to  correct  defects  In  the  patterns  of  target 
damage  obtained  in  earlier  tests.  Evidently  it 
will  be  possible  to  calculate  the  modifications  in 
charge  design  needed  to  correct  an  observed 
distribution  of  target  damage,  but  the  underlying 
principles  governing  fragment  directions  are 
obscure.  Tests  with  various  explosives  show  that 
Coir.p  B  and  Pentclite  produce  essentially  the 
same  results;  TNT  tends  lo  scatter  the  fragments 
more  and  yields  lower  fragment  velocities. 
Fragment  recovery  tests  are  described  and  the 
results  are  tabulated. 
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Carnegie  Institute  oi  Technology  (W36-061-CRD-Z9 10). 
INVESTIGAT'ON  OF  THE  M1SZNAY-SCHAF.DIN 
EFFECT,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  11.  Dec.  31,  1943,  18p. 
incl.  illus.  diagrs.  (Rept.  no.  CIT-ORD-M11) 
TIPC5931B  Confidential 


The  usefulness  of  shaped  charges  (in  the  strict 
sense  of  the  word)  for  the  Wizard  warhead  lfl 
discussed  and  experimental  evidence  is  described. 

It  is  concluded  that  the  Mlsznay-Schardln  elfect 
would  be  superior  to  ordinary  hollow  charges  at 
the  ranges  required  for  operation  of  the  Wizard. 

The  conclusion  Is  based  on  the  unsatisfactory 
performance  of  shaped  charges  at  large  standoffs 
and  the  difficulties  that  would  be  encountered  In 
initiating  the  warhead  In  a  manner  that  would 
produce  coherent  Jets. 
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Carnegie  Institute  of  Technology  (W36-0G1-ORD-2910). 
INVESTIGATION  OF  THE  MISZNAY-SC  HARDIN 
EFFECT,  by  E.  M.  Pugh  and  R.  J.  Elchelberger. 
Bimonthly  rept.  no.  12.  Feb.  28,  1950,  18p. 

(Rept.  no.  CIT-ORD-M12>  TIP  C 593 17 

Confidential 

Basic  principles  derived  for  designing  a  warhead 
from  the  best  available  theories  of  fragmentation 
by  the  Misznay-Schardln  elfect  and  of  penetration 
by  fragments  show  tiiat  the  optimum  ratio  of 
charge  mass  to  liner  mass  is  Independent  of  the 
Intrinsic  energy  of  the  explosive,  the  desired  pene¬ 
tration,  the  total  weight  of  the  warhead,  and  the 
material  and  shape  of  the  fragments.  The  Informa¬ 
tion  available  yields  predictions  that  do  not  agree 
well  with  those  obtained  by  scaling  laws  from 
CIT  model  experiments;  the  experiments  are 
considered  the  more  reliable. 
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Carnegie  Institute  of  Technology  (W36-0G1-ORD-2910). 
MISZNAY-SC  HARDIN  EFFECT,  by  E.  M.  Pugh 
and  R.  J.  Eichelberger.  Bimonthly  rept.  no.  IS. 
Apr.  30,  1950,  [41]p.  incl.  illus.  tables,  diagrs. 
(Rent.  no.  CIT-ORD-M13)  TIP  C59318 

Confidential 

A  scries  of  tests  Is  described  tn  which  the  ; 
charges  used  were  scale-model  warheads  In  all 
respects  except  that  the  metal  liner  on  the  end 
was  flat  instead  of  being  curved  to  direct  the 
fragments  in  the  desired  direction.  The  primary 
purpose  of  the  experiments  was  to  test  funda¬ 
mental  data  previously  published  and  the  distribu¬ 
tion  of  the  fragments  at  the  target  was  considered 
to  be  of  only  secondary  interest.  The  results 
show  that  charges  having  a  siiape  adapted  for  use 
as  Wizard  warheads  will  yield  somewhat  higher 
fragment  velocities  than  are  predicted  using  the 
results  from  e.  riier  fundamental  experiments. 

The  theory  of  fragment  velocity  does  describe 
very  well  the  variation  with  changes  In  charge 
design,  if  the  constants  arc  suitably  adjusted. 

The  measured  depths  of  penetration  agree 
reasonable  well  with  predictions  from  the  sta¬ 
tistically  derived  equations  published  previously; 
but  because  of  the  highly  questionable  form  of  these 
equations,  a  different  formula  tnat  fits  the  model 
data  and  which  Is  in  agreement  with  scaling  re¬ 
lations  is  derived  and  used.  Interpretations  of 
the  data  directed  from  2  dilterent  points  of  view 
lead  to  contradictory  conclusions  as  to  the  best 
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charge  design  to  meet  the  requirements  for  the 
Wizard  warhead,  Although  the  dUIerencen  in 
expected  performance  are  only  slight,  they  arc 
sufficiently  large  to  make  the  difference  between 
a  charge  being  able  to  meat  all  specifications  and 
not  being  able  to  do  so.  The  ultimate  conclusion 
from  the  model  testa  la  thaf  some  1  of  several 
charge  designs  will  be  able  to  inert  all  specifica¬ 
tions  for  the  Wizard  warhead  and  will  probably 
appreciably  exceed  the  specified  minimum,  £rs>jj- 
ment  velocity.  The  best  charge  design  for  ths 
purpose,  however,  is  not  yet  determined. 

(Contractor's  abstract) 
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Carnegie  Institute  of  Technology  (W36-061-ORD-2910). 
MISZNAY-SCHARDCf  EFFECT,  by  E.  M.  Pugh 
and  K.  J.  Eichelberger.  Bimonthly  rept.  no.  14. 
June  30,  1950,  22p.  Incl.  Ulus,  diagrs.  (Rept. 
no.  CIT-ORD-MH)  TIP  C59319  Confidential 

Fundamental  tests  with  model  warheads  showed 
that  an  end-fragmentation  warhead  can  be  designed 
to  meet  present  specifications  with  only  slight 
modification  of  the  models  tested;  it  seemed  un¬ 
likely  that  a  more  effective  warhead  for  the  pur¬ 
pose  could  be  designed  on  the  basis  of  any  other 
known  explosive  principle.  Sterne's  equations 
were  very  useful  in  the  exploratory  phases  of  the 
Investigation;  however,  a  new  theory  is  needed  that 
'  will  not  be  limited  to  charges  of  special  designs  or 
to  calculation  of  fragment  velocities  for  only  a 
small  portion  of  the  fragments  produced.  A  treat¬ 
ment  of  shock  wave  interaction  within  a  charge, 
which  appears  lo  provide  the  needed  extension  to 
the  existing  theory  of  fragment  velocity,  is  in  th: 
final  stages  of  formulation. 
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Carn egie  Institute  of  Technology  (W36-061-ORD-2910). 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  7.  Aug.  31,  1S49,  12p.  incL 
illus.  diagrs.  (Rept.  no.  CIT-ORD-R7) 

TfP  C59320  Confidential 

Tests  ol  liners  having  32  flutes  are  described.  A 
very  low  optimum  rotational  velocity  was  observed 
due  to  the  nearly  symmetrical  profiles  of  the 
flutes.  The  theory  of  compensation  by  fluted  liners 
in  discussed  and  a  method  of  analysis  of  data  Is 
presented. 
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Carnegie kistltute of  Technology  (W36-G61-ORD-2910). 
ROTATED  CHARGE'S,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  B.  Oct.  31,  1949,  27p.  iacL 
illus.  (Rept.  no.  CIT-ORD-R8)  TIP  C59321 

Confidential 

Exploratory  slug  recovery  experiments  were  per¬ 
formed  using  several  types  of  fluted  liners.  The 
results  of  these  tests  indicate  that  the  slug  re¬ 
covery  technique  is  extremely  useful  as  a  quick 
and  convenient  method  for  determining  whether  or 
not  a  given  fluted  Uner  is  properly  designed. 


Though  tills  method  of  testing  gives  ho  indication 
of  iiit*  optimum  velocity  for  design.  It  does  show 
whether  or  not  all  parts  of  the  liner  are  com¬ 
pensated  for  the  name  frequency. 
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Cam  egiefnstltuteof  Technology  (W3C-061-ORD-2910). 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  9.  Dec.  31,  1 949.  Ido.  incL 
lllua.  diagrs.  (RepL  no.  CIT-ORD-R9) 

TIP  C59327  Confidential 

Experimental  results  are  described  that  give  a 
direct  comparison  of  the  eifectiveness  of  flutes, 
round  on  the  exterior  cf  the  Liner,  with  the  ef¬ 
fectiveness  of  flutes  sharp  on  the  exterior.  Tte 
optimum  rotational  velocity  for  flutes  sharp  ou 
the  exterior  was  observed  to  be  150%  higher 
than  for  rcunded  flutes.  Experiments  arc  also 
described  that  demonstrate  the  difference  between 
the  performance  under  laboratory  testing  condi¬ 
tions  at  large  standoff  and  under  field  conditions 
at  low  standoff.  Under  field  conditions  the 
maximum  penetration  may  be  Bomewhri  lower 
but  the  rotational  frequency  for  good  performance 
should  be  less  critical. 
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Carnegie  Institute  of  Technology  (W3B-0G1-ORD-2910). 
ROTATED  CHARGES,  by  E.  M.  Pugh  and  others. 
Bimonthly  rept.  no.  10.  Feb.  28,  1050,  37p.  ' 
incl.  Ulus,  diagrs.  (Rept.  no.  CIT-ORD-R10) 

TIP  C59323  Confidential 

Observations  on  the  shapes  and  depths  of  fluted 
liners  used  in  rotated  shaped  charge  firings 
previously  reported  showed  wide  variations  that 
account  for  inconsistencies  in  the  results.  The 
flute  depths  on  mandrels  used  for  forming  the 
flutes  varied  as  much  as  15%  in  critical  zones. 
Peculiarities  In  the  flow  of  Cu  in  pressing  flutes 
into  liners  indicate  that  the  ctfective  flute  depths 
in  critical  zones  varied  at  least  30%.  The  accuracy 
of  dies  and  mandrels  and  the  method  of  pressing 
flutes  into  liners  are  being  improved  and  the  de¬ 
sign  Is  being  simplified  so  that  these  improve¬ 
ments  can  be  more  easily  effected. 
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ROTATED  CHARi j£,S,  by  E.  M.  Pugh  nudoihers. 
Bimonthly  rept.  no.  11.  Apr.  30,  1950,  23p. 
lncL  illus.  taolc6,  diagrs.  (Rept.  no.  CIT- 
ORD-R11)  TIP  C59324  Confidential 

Two  groups  of  fluted  liners  (NBS  Lots  13  and  14), 
cast  into  cylindrical  charges  of  50/50  pentolite, 

1.  625  In.  in  diameter,  5  in.  long,  were  fired  at 
6-in.  standoff  in  the  confinement  of  the  A1  charge 
head  or  Us  equivalent.  Lot  13  liners  having  16 
flutes  formed  to  a  nominal  maximum  depth  ol 
0. 016  In.  at  the  liner  base  and  having  a  linear 
variation  of  flute  depth  with  linear  radius  were 
fluted  between  matched  metal  dies  to  give  sharp 
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flutes  on  both  *he  exterior  and  Interior  of  the 
liner.  The  best  penetration  obtained  was  8. 2  In. 
at  -60  r.  p.  6.  Apparently  the  failure  to  produce- 
a  suitable  optimum  velocity  was  due  to  faulty 
liner  design.  Comparison  with  smooth  liners 
fired  statically  Indicated  that  85%  compensation 
was  obtained  for  these  liners.  Lot  14  liners 
made  with  a  fluted  female  die  and  a  rubber  pres¬ 
sure  pad,  had  32  flutes  formed  to  a  nominal  maxi¬ 
mum  depth  of  0. 015  in.  at  Ihe  llnw  base  a  lln^ay- 
Voi-iaiion  or  (lute  depth  with  linear  radius.  These 
liners  gave  a  peak  penetration  of  5.  Q  In.  at  an 
optimum  velocity  of  0  r.p.a.  which  represented 
61%  compensation.  This  disappointing  perform¬ 
ance  may  be  In  accordance  with  the  theory  of 
fluted  liners  which  Is  further  complicated  by  the 
''transport"  effect  and  "thlck-thln"  effect.  Com¬ 
parisons  of  both  lots  were  made  with  previously 
tested  liner  groups  of  similar  characteristics. 
Investigations  with  smooth  liners,  Including 
calculation  of  the  collapse  parameters  were  de¬ 
scribed  briefly,  and  experiments  to  determine 
fundamental  laws  for  fluted  liner  design  wero 
presented.  In  addition,  another  possible  method 
of  compensation  for  the  detrimental  effects  of 
rotation  by  "counter-routing"  the  detonation 
wave  Instead  of  the  liner  was  given.  This  tech¬ 
nique,  variously  called  "wind  effect"  and  "rotating 
detonation"  effect,  Involves  the  production  of  p 
tangential  component  of  the  detonation  velocity  In 
planes  normal  to  the  charge  axis. 


Carnegie  Instituted  Technology  (W.‘?8-0tll-ortD-29101 
ROTATED  CHARGES,  by  E.  M.  Pugh, 

R.  J.  Elchelberger,  and  E.  Litchfield!  Bimonthly 
rept.  no.  12,  annual  summary.  June  30,  1950, 

30p.  inch  diagrs.  (Rept.  no.  CIT-ORD-R12) 

TIP  C 59325  Confidential 

A  satisfactory  deBlgn  for  a  liner  for  use  in  spin- 
stabilized  projectiles  ha3  not  been  achieved.  A 
method  of  manufacturing  was  perfected  by  the 
national  Bureau  of  Standards  for  reproducing  any 
desired  external  flute  contour  on  a  mass  production 
basis.  The  required  optimum  velocity  of  230  r.  p.  a. 
for  a  57-mm.  HEAT  shell  was  bracketed  by  2 
groups  of  fluted  liners,  1  of  which  produced  85% 
compensation  al  180  r.  p.  b.  ,  while  the  other  gave 
05%  compensation  at  330  r.p.o.. 


Chamberlain  Corporation  (DA11-022-ORD-602) 
DESIGN  AND  DEVELOPMENT  OF  HEP,  HEAT 
HE,  AND  CHEMICAL  SHELL,  by  I.  Herman 
Progress  rept.  Aug.  1,  1952-June  30,  1953. 
v.l,  p.  52-87  lncl.  lllus.  diagrs.  AD-20  533 

Confidential 

The  design  and  development  o  1  the  HEAT  shells. 
70-mm. .  T180  and  T319  for  the  76-mm.  gunc 
M1A2  and  T31  are  discussed.  The  .cartridge 
cases,  shell  bodies,  cc.-.e  assemblies,  nose  sec¬ 
tions  and  fins  of  these  projectiles  are  doscrlbcd. 


Data  are  given  on  the  various  lots  of  these  shells 
tested  by  Plcatlnny  Arsenal  and  Aberdeen  Proving 
Ground. 


{Chemical  Defence  Experimental  Station  (Chemical 
Warfare)  (Gl.  Brit.)l. 

THE  CAVITY  EFFECT  AND  ITS 'APPLICATION 
TO  ATTACK  OF  AFlTs  BY  CW  AGENTS,  by 
E.  W.  Voice  and  F.  G.  Easier.  July  22,  1942, 
15p.  Incl.  diagrs.  (Porton  rept.  no.  2395; 

Serial  no.  41;  CSRD  Liaison  Office  WA-280-159) 

Secret 

In  considering  the  addition  of  CW  agents  to  shaped 
charges  fc  order  to  defeat  tanks,  an  Investigation 
was  made  with  shaped  charges  alone  to  determine 
their  lethal  effects  on  animals  placed  Inside  a  t-nk 
It  was  concluded,  after  firing  3-ln.  diameter 
charges  with  80“  steel  and  spherical  Cd  liners, 
that  the  lethal  eflect  from  these  jets  was  confined 
to  a  limited  zone.  Consequently,  it  was -considered 
worth  while  to  add  a  CW  agent  In  order  to  increase 
the  effectiveness  of  the  charges.  Simple  modifica¬ 
tions  to  charges  having  the  cavity  lined  with  a  CW 
agent  or  placed  within  the  explosive  above  the 
cavity  proved  lnelfectlve,  since  simultaneous  pro¬ 
jection  of  the  substance  with  the  jet  caused  the 
destruction  of  the  CW  agent.  It  was  concluded  that 
the  logical  solution  would  be  a  composite  weapon  to 
pierce  a  hole  in  the  armor  and  subsequently  pro¬ 
ject  the  CW  agent  through  the  opening. 


[Chemical  Defence  Experimental  Station  (Chemical 
Warfare)  (Gt.  Brit.)]. 

INTERIM  REPORT  ON  THE  HOLLOW  CHARGE 
EFFECT  AND  ITS  APPLICATION  TO  ATTACK 
CF  AFVs  BY  CW  AGENTS,  by  E.  W.  Voice 
and  F.  G.  Haaler.  Mar  30.  1943,  15p.  lncl. 

Ulus,  diagrs.  (Porton  rept.  no.  2498;  Serial 
no.  55;  Inclouure  1  to  MA  London  rept.  no.  55817* 
OSRD  Liaison  Office  WA-5C5-10)  Confidential 

Further  experiments  to  obtain  lethal  effects  from 
CW  agents  t7  simple  modifications  of  standard 
shaped  charges  and  shaped  charge  shells  are  re¬ 
ported.  It  was  concluded  that  there  was  litUa 
hope  of  producing  satisfactory  penetration  of 
CW  agents  where  such  agents. formed  an  integral 
part  of  the  aliaped  charge.  Experiments  with 
composite  weapons  indicated  Iho  feasibility  of 
producing  a  shaped  chargo  projectile  having  a  rear 
container  which  would  lodge  In  the  hole  and  eject 
its  contents.  The  rear  container  1b  reported  to  fol¬ 
low  the  explosive  without  damage  provided  the  back 
of  the  charge  Is  suitably  shaped  aim  tha  weapon  hao 
a  striking  velocity  of  more  than  200  ft. /sec.  A 
lethal  concentration  of  HCN  was  established  Ir.  u 
tank  by  a  single  round,  and  It  was  estimated  that 
serious  damage  to  the  tank  and  crow  could  bo 
caused  by  a  slnglB  round  containing  liquid  P. 

Diagrams  and  photographs  Illustrate  the  follow- 
through  type  of  projectile, 

SECRET 
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[Chemical  Defence  Experimental  Station  (Chemical 
Warfare)  (Gt.  Brit.)]. 

HOLLOW  CHARGE  FOLLOW-THROUGH  PRO¬ 
JECTILES.  SHELL  DESIGNED  FOR  THE  25 
PDR.  GUN,  by  E.  W.  Voice  and  r,  G.  Hasler. 

May  1C,  1944,  Bp.  incl.  111ns.  dlagr.  (Porton 
rept.  no.  2618;  AC  6384,  May  24,  1944;  SC.95; 

OSRD  Liaison  Qliice  WA-2194-8a)  Secret 

The  modifications  o!  the  25-pounder  shell  were: 
a  light,  ballistic  cap  iiUed  with  a  nose  fuze,  the 
body  of  the  shell  forward  of  the  shaped  charge 
liner  weakened  by  axial  sawcuts,  an  80°  liner 
fitted  inside  the  shell  body,  and  a  lollow-lhrcagh 
tube  carried  by  anadnpter  at.  the  back  of  the  shelL 
A  Mark  1  tank  with  2.  5-in.  thick  walls  was  used 
as  the  target.  In  most  cases  a  hole  was  formed 
in  the  target  wall  ai  35°  obliquity  In  spite  of  using 
an  80°  liner  hr  a  rotated  shell  at  100D  ft.  /sec. 

L645 

Chemisch-Physikallsche  Versuchsanstalt  der  Marine, 

Kiel.  _ 

PATENT  APPLICATION.  DEFENSE  AGAixot 
THE  EFFECT  OF  HOLLOW  CHARGES  (Paien- 
tanmeldung.  Abwehr  der  Wlrkung  .'an  Hohlraum- 
Ladungen).  (Aug.  1941],  3p.  (OT1B  rept.  no.  1249, 
Mlsc.-8-  In  German)  Unclassified 

The  patent  covers  the  employment  ot  i!  or  more 
layers  of  armor  separated  by  layers  of  or  of 
any  material  other  than  the  armor.  It  also  in¬ 
cludes  the  substitution  of  light  metal  alloys  for  the 
customary  armor  materials  on  the  basis  of  ex¬ 
periments  showing  that  the  loss  of  resistance  is 
made  up  by  the  smaller  weight.  (APG  abstract) 

L646 

Chemisch-Physikalische  Versuchsanstalt  der  Marine. 

Kiel.  ^ 

RECENT  EXPERIENCES  OF  THE  GERMAN  NAVY 
IN  THE  FIELD  OF  HOLLOW  CHARGES  (Nrcere 
Erfahrungen  der  Marine  auf  dem  K-Ladungsgeblet). 
BRIEF  SUMMARY  OF  THE  LECTURE  BY 
DR  K*TL  <CPVA)  ON  FEB.  9,  1343  TO  THE 
SOCIETY  FOR  THE  EXCHANGE  OF  HOLLOW 
CHARGE  INFORMATION  (Kurzo  Darst tilling  dea 
Vortrages  Dr.  Kell  (CPVA)  am  9. 2. 43  vor  der 
Erfahrungsgemeinschalt  H-Ladungen),  by  KeiL 
Mar.  8,  1943,  5p.  illus.  dlagrs.  (Attachment  to 
B.  Nr.  G.  Kdos.  157/43  p  Id.  -)  (Trans,  as  OTTB 
rept.  no.  1961B,  3p.  ilius.  dlagrs. ;  Also  Irans. 

In  rept.  no.  BIOS/Gp.  2/HEC  2577,  8p.  lllus. 
dlagrs. ;  Also  trans.  In  OTIB  rept.  no.  11463) 

Restricted 

Results  of  experiments  carried  out  by  the  German 
navy  to  determine  the  value  of  shaped  charges 
underwater  are.  discussed.  The  following  problecjs 
were  Investigated:  (1)  braking  of  the  shaped  charge 
prp]ectile6  by  water,  (2)  effect  ol  shaped  charges  on 
ammunition;  (3)  pressure  measurement  of  aader- 
water  detonation  of  shaped  charges;  and  (4)  the 
development  of  sliaped  charges  for  special  par- 


poses,  such  as  destroying  steel  ropes  and  tubes, 
heavy  Fe  plate,  and  books.  Illustrations  of  these 
special  charges  are  Included. 


LG47 

Chemlsch-PbyBlkaliiiche  Versuchsanstalt  derMarine, 
KlcL 

INTRODUCTION  TO  UNDERWATER.  EXPLO¬ 
SIONS  (Einfuhrung  in  das  Unterwasser-spreng- 
wesen).  1945.  (DTMB  trans.  no.  208,  July  1948, 
p.  148-159  incL  Ulus,  diagrs.)  TIPC19G7 

Confidential 

German  development  of  hemispherical,  conical,and 
bell  shaped  charges  Is  Included.  Conical  charges 
with  a  30°  apex  angle  wero  most  effective.  Meas¬ 
ured  data  are  shown  for  the  effect  of  the  thickness 
of  the  lining  on  the  penetrative  efficiency.  Basic 
distinction  was  made  between  partial  penetration 
and  complete  penetration  of  the  target.  The 
German  army  charge,  type  H15,  with  a  hemispheri¬ 
cal  liner  is  described.  A  study  of  the  penetrative 
efficiency  ol  the  shaped  charges  showed  that  charge 
type  H15  produced  impressions  15  to  21)  !nm,  deep 
In  a  steel  plate  after  traversing  a  stratum  of 
water  2.  5  m.  thick.  Consideration  was  given  to 
using  numerous  small  depth  cavity  charges  to 
combat  submarines,  and  to  equipping  a  torpedo 
warhead  with  a  shaped  charge.  A  number  of 
German  uses  for  shaped  charges  Is  described. 
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Chief  Inspector  of  Armaments,  Ministry  of  Supply 
(Gt.  Brit.). 

AMMUNITION  BULLETIN  NO.  48.  Oct.  1945, 
56p.  tncl.  diagrs.  (Item  nos.  1347-1396;  ^ 

Inclosurc  1  to  MA  London  rept.  r,D.  R5731-45) 

Restricted 

Descriptions  and  diagrams  of  various  foreign  and 
domestic  ammunition  are  given.  Only  3  items 
pertain  to  shaped  charge  ammunition:  Item  1389, 

8.  8-cm.  Kw.  K.  43  cartridge  QF  hollow  charge 
with  tracer  (8. 8-cm.  Gr.  Patr.  39  HI.  Kw.  K.43)( 
Item  1390,  Tracer  for  8.  8-cm.  hollow  chargo 
shell;  and  Item  13S1,  hollow  charge  antitank  bomb 
with  projector  (Panzeriaust  00mm.)- 


L049 

Church,  J.  H.  and  others.  PETARD  MISSILE. 

United  States  parent  no.  2,412,907,  Dec.  24,  1946. 

The  Invention  concerns  explosive  missiles,  par¬ 
ticularly  a  petard  to  be  applied  from  a  distance. 
One  of  the  claims  is  for  a  shaped  charge  missile 
with  an  annular  shock  deadening  unit  and  1  ol 
several  types  of  base  detonating  fuzes  activated  by 
Inertia. 
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Clark,  G.  B.  and  W.  H.  Bruckner. 

BEHAVIOR  OF  METAL  CAVITY  LINERS  IN 
SHAPED  EXPLOSIVE  CHARGES.  Mining 
Technology,  v.  11,  May  1847:  12p.  (American 
Institute  of  Mining  and  Metallurgical  Engineers, 
Technical  Publication  no.  2158) 

The  behavior  of  liner  metal  under  the  Impact 
of  the  advancing  explosion  wave  lc  discussed. 

The  conclusions  are  drawn  on  the  basis  ol 
metallographlc  examination  of  a  slug  salvaged 
from  a  cast  Fe  liner. 

L651 

Clark,  G.  B. 

STUDIES  OF  THE  DESIGN  OF  SHAPED 
EXPLOSIVE  CHARGES  AND  THEIR  EFFECT 
IN  BREAKING  CONCRETE  BLOCKS.  Mining 
Technology,  v.  11,  May  1947:  ISp.  (American 
Institute  of  Mining  and  Metallurgical  Engineers, 
Technical  Publication  no.  2157) 

Results  of  experiments  on  the  use  of  shaped 
charges  In  mining  are  reported.  The  effects  of 
thickness  and  taper  of  liner  wall,  confinement, 
liner  metals,  tad  strength  of  explosive  were 
studied. 

L052 

Clark,  G.  B. 

SECRETS  OF  THE  SHAPED  CHARGE. 

Ordnance,  v.  33,  July-Aug.  1948:  49-51. 

The  discussion  presents  a  brief  history  of  the 
Munroo  effect,  the  use  of  shaped  charges  In  the 
bazooka,  and  factors  which  affect  the  perform¬ 
ance  of  shaped  charges:  standoff,  explosives, 

Unor  metal,  apex  angle,  liner  thickness,  and 
confinement  of  the  charge. 

L653 

Clark,  J.  C. 

F'jASH  RADIOGRAPHY  APPLIED  TO  ORD¬ 
NANCE  FROBLEMS.  Journal  of  Applied  Physics, 
v.  20,  Apr.  1849:  363-370. 

The  feasibility  of  using  psec.  X-ray  bursts  In  the 
study  of  Internal  ballistics  and  explosive  phe¬ 
nomena  Is  discussed  and  the  apparatus  Is 
described.  The  study  of  Jets  from  metal  lined 
shaped  charges  is  reported  briefly;  the  mech¬ 
anisms  of  Jet  lormatton  and  liner  collapse  are 
illustrated  by  flash  radiographs. 

L654 


The  tests  on  various  shaped  charges  werejeon- 
ducted  at  temperatures  ranging  from  -18  F  to 
-32° F  in  various  types  of  Arctic  terrain.  The 

2- lb.  M5A1  shaped  charge,  2.25  In.  in  diameter 
and  having  a  Cu  liner,  blasted  holes  to  the  frozen 
muskeg  and  the  frozen  sand  and  gravel  a  depth 

of  from  6  to.  to  25  In.  at  standoffs  from  2  in.  to 
12  to.  At  the  best  average  standoff  of  8  to. ,  the 
average  hole  to  frozen  muskeg  was  19  in.  deep. 

2  In.  to  diameter  at  the  to.p  and  1.  5  to.  fn  diam¬ 
eter  at  the  bottom.  In  frozen. Band  and  gravel 
the  hole  was  12  to.  deep  with  a  diameter  at  the 
top  of  1. 5  to.  and  0. 75  in.  at  the  bottom.  The 

3- lb.  M6A3  with  steel  liner  and  a  diameter  of 
2.75  to.  blasted  holes  to  frozen  muskeg  and 
frozen  gravel  and  sand  a  depth  of  3  In.  to  j;0  to. 
at  standoffs  varying  from  4  in.  to  12  in.  At  the 
best  average  standoff  of  6  to. ,  the  average 
hole  In  frozen  muskeg  was  14  In.  deep,  with  a 
top  diameter  of  3  in.  and  a  bottom  diameter  of 
2  to.  In  frozen  sand  and  gravel  the  hole  was 

14  to.  deep  with  a  top  diameter  of  1.  5  inland  a 
bottom  diameter  of  0.75  In.  The  15-lb.  a12A3 
'shaped  charge  of  7-in.  diameter  blasted  holes 
to  the  frozen  muskeg  53  in.  deep,  having  a  5  In. 
top  diameter  and  a  3  in.  bottom  diameter,  to 
frozen  gravel  and  sand  the  depth  was  36  to.  with 
a  top  diameter  of  7  to.  and  a  bottom  diameter  of 
3-to.  The  standoff  was  5  to.  The  40-lb.  M3, 
with  a  charge  diameter  of  9  to. ,  blasted  holes 
in  the  frozen  muskeg  60  In.  deep  with  top  and 
bottom  diameters  of  11  in.  and  6  In.,  respec¬ 
tively  at  a  standoff  of  15  in.  In  frozen  gravel  and 
sand  the  depth  was  69  In.  with  a  top  diameter  of 
10  to.  and  a  bottom  diameter  of  6  in.  Dark 
smudges  ranging  from  about  0  ft.  to  diameter  for 
the  small  charges  to  about  10  ft.  ta  diameter  for 
the  large  charges  ringed  each  hole  after  firing. 
Many  of  the  smaller  holes  were  covered  with  a 
bridge  of  debris  near  the  top  while  to  the  larger 
holes  the  bridge  formed  about  1/3  from  the  top. 
All  of  the  holes  were  tapered  from  top  to  bottom; 
6ome  of  the  holes  were  blasted  to  at  an  angle 
because  the  shaped  charge  assembly  was  slightly 
tilted.  The  following  personnel  safety-factor 
distances  were  determined  for  the  various  shaped 
charge  detonations:  (a)  M9A1,  300  ft.;  (b)  M6A8, 
300  ft. ;  (c)  M2A3,  400  ft. ;  (dl  M3,  600  ft. 


L6S5 

Combined  Intelligence  Objectives  Subcommittee. 
EXPLOSIVES,  HOLLOW  CHARGE,  AND  SHOCK 
WAVES,  by  H.  L.  Porter,  n.  d.  50p.  diagrs. 
(Items  no.  2  and  13,  File  no.  XXXIH-27;  BIOS 
large1-  nos.  C2/"93,  C13/37,  C2/794,  C13/38, 
C2/795,  C13/39,  C2/796,  C13/40,  C2/787, 
03/41,  C2/798,  03/42,  C2/79S,  03/43) 

TIP  C52071  Confidential 


Coles  Signal  Laboratory,  Signal  Corps  Engineering 
Laboratories  (DA3-91-02-803). 

COLD  WEATHER  TESTS  ON  SHAPED  CHARGES 
FOR  HOLE  DRIVING  AT  FT.  CHURCHILL, 
MANITOBA,  WINTER  1946-49,  by  A.  G.  Storrar. 
Apr.  12,  1949,  7p.  illus.  tables.  (Signal  Corps 
no.  2006-19,  Test  rept.  no.  T-1198)  TIPU6P025 

Confidential 


These  interrogation  repts.  cover  the  experimental 
and  theoretical  scientific  work  accomplished  to 
Germany,  particularly  to  the  field  of  explosives, 
to  about  1944.  Areas  covered  Include  measure¬ 
ment,  damage,  and  lethal  effect  of  shock  waves, 
detonation  under  water,  detonation  theory,  tem¬ 
perature  of  explosions,  and  shaped  charges. 

Or  H  Schardln,  Director  of  the  Physics  and 

SECRET 


SECRET 


SHAPED  CHARGES: 


Ballistics  Institute  for  German  Air  Ministry, 

Berlin,  cave  Information  on  the  following  subjects: 

(1)  hollow  charges,  earlier  work;  (2)  use  of  high 
explosives  for  shaped  charge  effect;  (3)  lined 
shaped  charges;  (4)  X-ray  photographs  [for  the 
study  of  shaped  charge  phenomena];  (5)  coned 
charges;  (6)  theories  of  shaped  charges;  (7)  ex¬ 
periments  with  water  jets;  (G)  fountain  effects 
using  a  glass  cone  at  the  water  surface]; 

0)  stereoscopic  photographs  [of  the  functioning 
of  a  conical  lined  charge];  (lOj  Die  hemispherical 
shaped  charge,  physical  theory;  {11)  service  ap¬ 
plications  [oi  German  shaped  charges],  {12)  effect 
of  rotation  of  shaped  charge  projectile;  and 
(13)  magnetic  induction  fuze  SD4HL  [for  shaped 
charges].  A  list  of  repts. ,  books  and  pamphlets 
obtained  from  the  Physics  and  Ballistics  Institute, 
Berlin  is  also  included. 

LG50 

Combined  Intelligence  Objectives  Subcommittee. 

CAVITY  CHARGE  AND  DETONATION  PHE¬ 
NOMENA,  by  R.  O.  Fleming,  Jr.  [1945].  (CIOS 
FILE  no.  XXX-71)  (In  Its  Special  Mission  on 
Captured  German  Scientific  Establishments, 

June  1,  1945,  p.  156- 103)  Restricted 

Basic  research  on  the  cavity  effect  was  begun  by 
TAL  in  1939.  The  most  popular  German  theory 
of  jet  penetration  was  the  ’’plastic"  or  "mud” 
theory  which  acknowledged  a  change  in  the  physical 
state  of  the  steel  in  the  immediate  vicinity  of 
penetration  although  the  theory  of  jet  formation  was 
identical  to  that  advanced  by  G.  Birkhoff  in  the 
United  States.  Schardln  believed  that  there  was 
considerable  difference  between  the  end  results 
oi  detonations  of  charges  with  conical  and 
hemispherical  liners.  For  a  shaped  charge  having, 
a  hemispherical  liner,  there  is  no  actual  forma¬ 
tion  of  jet,  as  is  produced  by  a  conical  liner. 

Design  formulas  for  lined  charges,  tapered  liners 
for  small  angled  charges  and  helmet  liners,  and 
measurement  tecliniques  for  detonation  velocities 
and  pressures  are  discussed. 
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Combined  Intelligence  Objectives  Subcommittee. 
CAVITY  CHARGE  EXPERIMENTS,  by 
R.  O.  Fleming,  Jr.  [1945].  {CIOS  Fi'e  no.  XXX-71) 
(In  Its  Special  Mission  on  Captured  German 
Scientific  Establishments,  June  1,  1945,  p.  202-204) 

Restricted 

Dr.  Hans  Tcnanck  was  questioned  regarding  his 
experiments  on  shaped  charge  phenomena;  his 
conclusions  were  that:  (1)  conical  liners  were 
superior  for  spin-slablli2ed  shaped  charge 
projectiles  with  diameters  of  less  than  10  cm. , 
while  for  diameters  of  more  than  10  cm. ,  hemi¬ 
spherical  liners  produced  better  results:  (2)  the 
optimum  liner  form  for  all  types  of  charges  or 
projectiles  {provided  that  size  and  shape  would 
permit)  was  the  bottle  shaped;  and  (3)  lor  pro¬ 
jectiles,  a  cor.ical  liner  was  superior,  since  it 
was  not  as  dependent  upon  standoff  as  a  hemispher¬ 


ical  liner.  A  unique  rifle' launched  Gpin-stablllzed 
rocket  is  .described,  the  propellant  for  which  was 
contained  in  the  cavity  of  the  HE  charge. 

L65B 

Combined  Intelligence  Objectives  Subcommittee. 
CAVITY  EFFECT  AND  ALUMINIZED  EX¬ 
PLOSIVES,  by  R.  O.  Fleming,  Ir.  [1945]. 

(CIOS  File  no.  XXX-71)  (In  its  Special  MisBiorr 
an  Captured  German  Scientific’ Establishments, 

June  1,  1945, ,p.  GB-69)  Restricted 

At  the  DWM  research  establishment,  Lubeck, 
work  was  done  on  shaped  charges  for  the  7.  5-cm. 
HL  43  projectile  for  use  In  the  recoilless  gun, 
and  for  a  5.  5-cm.  R4M  (Panzer blitz  HI)  air  to 
ground  aircraft  rocket.  An  unusual  feature  of  the 
first  projectile  was  that  it  contained  a  venturi 
baffle  plate  which  rested  on  the  rim  of  the  liner. 
This  baffle  was  supposed  to  reconverge  wide  jeto 
caused  by  rotation,  but  unsatisfactory  results  were  . 
obtained  with  it.  An  attempt  was  made  to  use 
sintered  Fe  liners,  because  the  jets  and  slugs 
from  these  sintered  liners  were  supposed  to 
have  better  ignition  properties  on  inflammable 
material  than  mild  steel  or  cast  Zn  liners. 

Two  aluminized  explosives  that  were  developed 
are  described. 

L65D 

Combined  Intelligence  Objectives  Subcommittee. 
CAVITY  EFFECT  AND  DETONATION  PHE¬ 
NOMENA.  by  R.  0.  Fleming,  Jr.  [1945]. 

(CIOS  File  no.  XXX-71)  (In  Its  Special  Mission 
on  Captured  Gorman  Scientific  Establishments, 
June  1,  1045,  p.  BB-105)  Restricted 

At  TAL,  Berlin-Gatow,  the  high  speed  flash 
radiograph  technique  used  by  Schardln  for  In¬ 
vestigating  detonation  phenomena  was  essentially 
the  same  as  that  used  by  J.  C.  Clark  at  Ballistics 
Research  Laboratories.  The  single  flash  model 
consisted  of  4  3D  kv.  condensers  which  were 
charged  In  parallel  and  discharged  In  series, 
giving  a  total  output  of  about  120  kv.  The  tube 
was  constructed  of  metal  (presumably  Mg)  and 
porcelain,  rather  than  of  glass.  The  target  with¬ 
in  the  tube  was  of  W.  The  duration  of  the 
X-ray  was  10'7 10  x  as  fast  as  that  produced  by 
the  corresponding  US  technique.  The  pictures 
wore  very  clear.  At  the  time  of  writing,  the 
most  recent  development  of  this  technique  was 
the  use  of  6  sets  of  surge  generators,  with  a 
vari?.ble  timing  circuit  with  which  it  was  possible 
to  obtain  0  successive  pictures  of  the  same  charge 
or  projectile  during  detonation  or  flight.  Rept. 
titles  on  detonation  phenomena  are  given.  - 

LG6D 

[Combined  lntelliger.ee  Objectives  Subcommittee.] 
GERMAN  ORDNANCE  RESEARCH  AND  DE¬ 
VELOPMENT  -  INTERVIEWS  WITH  [LIEU¬ 
TENANT]  GENERAL  RICHARD  JOHN,  by 
H.  B.  Allen.  1945,  lp.  (Extract  from  Ordnance 
Target. rept.  no.  30)  Secret 
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A  brlei  summary  of  German  research  on  shaped 
charge  shells  Is  reported.  Because  20  to  40*  of 
the  effectiveness  of  the  shells  was  lo3t  through 
rotation,  experiments  were  made  with  shells 
equipped  with  revolving  driving  bands  consisting 
of  a  loosely  fitting  ring  which  took  up  most  of  .he 
rotation.  This  permitted  a  standard  gun  to  lire 
rotating  HE  shells  as  well  as  the  non-rotating, 
type.  The  smooth  bore  B-cm.  Panzerwurfkanone 
("Paw  600”)  and  Its  fin-stabilized  shell  are 
described;  the  effective  range  was  700  m.  and  the 
muzzle  velocity  just  below  1700  ft./sec.  Ills 
noted  that  the  Panzerfaust  superseded  the  Pan- 
zerschreck  because  It  could  be  handled  by  1  man 
instead  o£  2;  the  model  150  issued  in  Mar. ,  194b 
increased  the  range  to  150  m.  ar.d  flattened  out 
the  trajectory.  3rief  mention  is  made  of  the 
"Puppchen",  a  3.  5-in.  bazooka  mounted  on  a  light 
carriage;  the  effective  range  was  200  m. 


.661 

lombined  lnteUiger.ee  Objectives  Subcommittee 
llNT-EP.ROGATI  ON  OF]  KARL  BADSTE1N,  D. 
1NG.',  by  D.  Carmichael.  Jmc  27,  1945,  3p. 
(CICS  Evaluation  rept.  no.  1*7)  PB  133 

■  TIrtv>1  falsified 


The  results  of  an  interview  with  this  German 
scientist  are  reported.  One  of  the  weapons  de- 
scribed  by  him  Is  a  7. 5-cm.  shaped  charge  shell 
that  was  fitted  with  a  special  base  fuze  (no  further 
description)  and  stabilized  by  fins  which  open  as  the 
shell  leaves  the  barrel.  The  muzzle  velocity  of  the 
shell  was  550  to  600  m./sec. 


.662 

Combined  Intelligence  Objectives  Subcommittee.] 
FUZE  AND  BOOSTER  FUNCTIONING  ON 
GERMAN  SHAPED  CHARGE  AT  PROJECTILES 
EMPLOYING  POINT -INITIATED  FUZES,  by 
K.  H.  Cooney.  Progress  rept.  no.  86.  July  1045. 
An,  lncl.  Ulus.  (CIOS  Ref.  no.  508)  Restricted 


The  funcUonlr.g  of  the  point-detonating  fuze,  galne 
(booster),  and  spitback  fuze  used  in  German  shaped 
charge  rockets  is  discussed. 


L663 

Combined  Intelligence  Objectives  Subcommittee. 
INTERROGATION  OF  SAUR,  HEAD  OF  TECH¬ 
NICAL.  DEPT.  IN  THE  SPEER  MINISTRY. 

July  4,  1945,  4p.  (CIOS  Evaluation  rcpl.  no.  163b) 


Brief  mention  is  made  of  the  protection  of  tanks 
against  shaped  charge  projectiles.  Wire  netting 
was  al  first  provided  because  the  smallest  resist- . 
ante  was  sufficient  to  detonate  the  projectile.  The 
nets  were  filled  at  a  distance  in  front  of  the  tank 
(about  10  cm.),  but  they  were  broken  up  by  anti¬ 
tank  gunfire  and  hindered  the  free  movement  of  the 
gun  and  view  of  the  crew.  It  was  noted  that  the 
effect  of  shaped  charge  ammunition  was  greatest 
when  the  charge  was  laid  on  Ihe  armor  and 


detonated;  the  next  greatest  effect  was  achieved 
by  shooting  at  the  armor  with  a  non- rotating 
projectile;  the  smallest  effect  occurred  with 
rotated  projectiles. 


L664 


Combined  Intelligence  Objectives  Subcommittee. 
OBSERVATIONS  ON  SHAPED  CHARGE  DE¬ 
VELOPMENT  IN  GERMANY,  byC.  H.  Brooks. 

MV  1 


German  development  Included  many  weapons 
•with  hemispherical  liners;  the  magnetically 
attached  antitank  weapon  and  the  Panzerschrcck 
are  well  known.  Later  models  Indicated  the  use  cl 
conical  liners  similar  to  those  used  in  the  United 
States. 


Combined  Intelligence  Objectives  Subcommittee 
see  also  British  Intelligence  Objectives 


Subcommittee 
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[Combined  Services  Detailed  Interrogation  Centre 

REPORT  Oht  INFORMATION  OBTAINED  FROM 
PWCS/283  [ILLEGIBLE]  SCHMfcNINGER  OKH. 
HEERESWAFFEN4MT  CAPTURED  IN  PARIS 
25  AUG.  1244.  [Aug.,  1944].  p.  3-4.  (Rept. 
no.  SIR  998)  Seciel 


A  study  of  shaped  charge  liners  led  to  the  com¬ 
posite  shaped  liner  of  cone  pl"S  sphere.  This 
design,  as  found  in  the  Panzerschreck,  had  tne 
advantage  oi  the  conical  liner  in  rotation  combined 
with  the  long  standoff  of  the  hemisphere.  The 
tapered  liner  found  In  the  small  German  A  Tk  rllle 
grenade  was  caused  by  manufacturing  differences 
and  was  not  so  designed.  Only  Zn  and  steel  were 
tried  ior  liners;  Zn  liners  had  lo  bo  thicker  than 
steel  liners  to  give  the  same  effect.  The  pene- 
tratlon  depth  was  always  Independent  ot  the  impau 
encrie.  It  was  concluded  that  the  shaped  charge 
was  useful  as  a  bridge  between  low  and  high 
velocities,  but  at  higher  velocities  It  was  prefer¬ 
able  to  use  norma'  piercing  shells  because 
damage  behind  the  plate  was  greater. 


L666 


Cornell  Aeronautical  Laboratory,  Inc. 

project  lacrosse,  preliminary  report 
OF  FIRST  STATIC  FIRING  OF  LACROSSE 
WARHEAD  TYPE  T34,  500-LB.  SHAPED 
CHARGE.  Feb.  24,  1953,  3p.  dlagrs.  (BuLeUn 
no.  3}  Confidential 


The  Lacrosse  warhead,  T34,  was  statically 
at  the  Aberdeen  Proving  Ground  against  a  pillbox 
target  having  7-il.  thick  walls  of  reinforced  con¬ 
crete.  In  this  test,  the  Jet  penetrated  the  7-ft. 
wall,  traversed  13  ft.  of  airspace,  penetrated  a 
1-fi.  thick  interior  wall,  travelled  through  another 
airspace  of  8  ft. ,  and  splattered  against  the  far 
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■wall  and  0. 5-in.  steel  plate.  Inside  ol  the  7  ft. 

■wall,  approximately  I  cu.  yd.  of  concrete  ra 
spalled,  the  pieces  ranging  from  dust  to  basketball 
size.  Witness  plates  were  twisted  and  bent.  An 
extensive  amount  ol  choking  dust  was  present.  The 
Bikini  pressure  gages  gave  readings  from  6. 1 
p.  s.  1.  to  20. 0  p.  s.  1.  It  was  concluded  that  this 
T34  firing  against  a  pillbox  would,  have  defeated  tha 
enemy  target.  A  medical  report  will  be  issued 
later  on  the  eifects  ol  this  test  on  animals  placed 
within  the  pillbox. 

LC67 

Comelt  Aeronautical  Laboratory,  Inc. 

PROJECT  LACROSSE.  PRELIMINARY  REPORT 
OF  SECOND  STATIC  FIRING  OF  LACROSSE 
WARHEAD  TYPE  T34,  5C0-LB.  SHAPED 
CIIAHGE.  Feb.  26,  195S,  2p.  dlagrs.  {Bulletin 
no.  4)  Confidential 

In  this  test,  the  T34  shaped  charge  warhead  was 
fired  statically  at  an  obliquity  of  55°  against  a 
7  ft.  thick  waU  of  the  reinforced  concrete  pillbox 
target  used  in  an  earlier  test  {item  no.  L666).  The 
jet  completely  penetrated  the  wall,  the  total  pene¬ 
tration  being  approximately  12  It.  There  was 
extensive  spalling  at  both  entrance  and  exit  and  a 
considerable  amount  of  choking  dust  within  the 
pillbox-  The  witness  plates  were  rumpled. 
Pressures  recorded  by  the  Bikini  gages  ranged 
from  6. 15  p.  s. to  16. 9  p.  s.  1.  No  damage  was 
evident  opposite  the  exit  hole  of  the  jet.  It  wan 
concluded  that  the  warhead  could  successfully 
defeat  12  ft.  of  reinforced  concrete. 

LSGQ 

Cornell  Aeronautical  Laboratory,  Inc. 

LACROSSE  PRESENTATION.  PART  2B.  WAR¬ 
HEAD  STUDIES.  Oct.  22,  1953,  p.  44-47  dlagrs. 

Confidential 

The  Lacrosse  warhead  investigations  are  briefly 
summarized.  Two  test  livings  ol  the  T34,  5G  3-lb. 
shaped  charge  Lacrosse  warhead  were  made 
against  a  7-it.  reinforced  concrete  pillbox  target. 
At  0°  obliquity,  the  T34  completely  penetrated 
the  pillbox  and  a  1-It.  interior  wall,  spalling  out 
a  cu.  yd.  of  concrete  Inside  the  target;  at  55“ 
obliquity  the  warhead  defeated  the  target,  pro¬ 
ducing  a  large  hole  with  extensive  spalling  at  both 
the  entrance  and  exit.  In  addition,  a  graph  is 
given  showing  the  penetration  of  concrete  by 
shaped  charges  of  various  sizes. 

L669 

Cornell  Aeronautical  Laboratory,  Inc.  (DA30-115- 
ORD-47). 

PROJECT  LACROSSE.  SECTION  Et.  LA¬ 
CROSSE  WARHEAD  STUDIES,  by  A.  Ahlln. 
Quarterly  progress  rept.  Jan.-Mar.  1952.  Apr. 
15,  1952,  p.  80-62.  (Rept.  no.  BE-745-T-5) 

Secret 

1  tie  proposed  Lacrosse  warhead  is  described. 


This  high  explosive  warhead,  incorporating  a 
shaped  charge  at  the  forward  end,  will  serve 
aa  the  missile  nose  cone.  It  was  decided  to  make 
the  warhead  contour  that  of  2  conical  frustrumc 
rather  than  a  tangent  ogive  to  avoid  the  forming 
of  compound  curves  fn  the  warhead  skin.  Pre¬ 
liminary  specifications  for  the  warhead  follow: 

Total  HE  warhead  weight  5>O0  Hr. 

Explosive  charge  582  lb.  Comp.  B 

Liner  shape  conical 

materia!  Cu 

base  diameter  (outside)  about  15  in. 

apex  angle  40° 

Fuze  contact 

Fuze  arming  radio  command 

Warhead  length  (over-all)  about  80  In. 

L070 

Cornell  Aeronautical  Laboratory,  Inc.  (DA30-115- 
ORD-47). 

PROJECT  LACROSSE.  SECTION  K.  LA¬ 
CROSSE  WARHEAD  STUDIES,  by  A.  Ahlln. 
Quarterly  progress  rept.  Apr.-June  1952.  July 
15,  1952,  p.  73-74.  (Rept.  no.  BE-745-T-6) 

Secret 

Various  means  cl  fabricating  a  shaped  charge 
conical  liner  of  Cu  0. 29-ln.  thick  for  use  In  the 
500-lb.  Lacrosse  warhead  T34  were  Investigated. 
The  following  methods  were  considered:  (1)  deep- 
drawing;  (2)  spinning;  (3)  metallizing;  (4)  plating; 
and  (5)  hand-forming  2  half-cones  and  brazing 
or  Ag-soldering  them  together.  No  decision  wan 
made  concerning  the  method  of  liner  fabrication. 


L671 

‘  Cornell  Aeronautical  Laboratory,  Inc.  (DA30-115- 
ORD-47). 

PROJECT  LACROSSE.  SECTION  IX.  LACROSSE 
WARHEAD,  by  A.  Ahlln.  Quarterly  progress 
rept.  July  -  Sept.  1952.  Oct.  15,  1952,  p.  59. 
(Rept.  no.  BE-745-T-7)  Secret 

Cu  liners  for  the  T34  warhead  were  fabricated  by 
brazing  2  haH-cones  together.  Other  procedures 
for  making  the  shaped  charge  liners  are  being 
Investigated  (item  no,  L670).  It  is  concluded  that 
the  most  preferable  method  is  by  deep-drawing 
the  complete  cone;  however,  the  die  costs  are 
prohibitive. 

L072 

Cornell  Aeronautical  Laboratory,  Inc.  (DA30-115- 
OHD-47). 

LACROSSE  I.  SECTION  III.  LACROSSE  EQUIP¬ 
MENT  DESCRIPTION,  by  D..  A.  Kahn.  Nov.  1953, 
p.  35-36.  Confidential 

The  design  objectives  and  recommended  equip¬ 
ment  for  LACROSSE  I,  a  guided  missile  system 
incorporating  a  shaped  charge  warhead,  are  de¬ 
scribed.  One  of  the  warhead  types,  the  T34,  con¬ 
tains  a  conical  Cu  liner  with  an  apex  angle  of  46° 
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and  an  e^plosiv^  charge  ol  3E1  lb.  of  Comp.  B. 

It  ts  capable  of  penetrating  13  ft.  of  concrete. 

The  second  warhead  design,  basically  Incendiary, 
has  2  variations;  In  1,  part  of  the  Incendiary 
material  Is  replaced  by  a  shaped  chargo. 


be  retained.  Experiments  with  Fe  lined  charges 
Indicated  that  the  best  liner  shape  was  again  the 
"U"  or  dome  shaped.  Formulas  aro  given  for 
depth  of  penetration,  and  hole  diameter  was 
found  to  be  In  the  order  of  magnitude  of  the  diam¬ 
eter  of  the  charge  cavity. 


Com?"  Aeronautical  Laboratory,  Inc.  (NOrd-10629^. 
LACROSSE  SUMMARY  REPORT.  TASK-  E 
June  1949-Mar.  1950.  Mar.  22,  1050,  p.  0,  7, 

22  diagr.  (Rept.  no.  BE-635-S-Z)  Secret 

In  the  Lacrosse  warhead  Investigation,  data 
were  gathered  on  the  blast  effectiveness  and  plastic 
ajid  shaoed  charge  type-  warheads.  The  pertinent 
shaped  charge  data  are  presented  graphically  for 
penetration  vs.  warhead  weight.  Curves  are 
drawn  for  the  effect  of  jets  on  homogeneous 
armor  and  on  concrete  and  for  the  effect  of  blast  on 
concrete.  It  was  concluded  from  these  data  trial  a 
100-lb.  shaped  charge  warhead  would  defcai  5  ft. 
of  concrete  only  if  "fortunately  oriented",  that 
Is,  If  Its  impact  angle  were  such  that  the  full 
effect  of  the  Jet  resulted.  Therefore  a  500-lb. 
Lacrosse  warhead  was  proposed  to  obtain  a  Bale 
margin  ol  penetration  performance. 


Cornell  Aeronautical  Laboratory,  Inc.  (NOrd-10629). 
LACROSSE  FINAL  REPORT.  TASK  I.  June 
1949-Mar.  1950.  Aug.  1,  1950,  p.  12-13,  4B-55 
dlagrs.  .(Rept.  no.  BE-E35-3-3)  Secret 

In  the  Lacrosse  warhead  Investigation,  -  a  500-lb. 
modified  blast  shaped  charge  warhead  was  con¬ 
sidered  for  penetration  ol  pillbox  and  bunker 
targets.  Performance  data  for  this  weapon  type 
are  given  as  functions  cf  warhead  weight  and 
target  thickness  penetrated.  A  graph  showing  the 
weight  of  a  shaped  charge  plotted  against  charge 
diameter  is  also  presented.  It  was  concluded  that 
the  blast  effect  for  a  given  weight  shaped  charge 
is  diminished  by  only  10%  to  20%  because  of  the 
fact  that  l  end  of  the  explosive  Is  shaped.  There¬ 
fore,  It  was  proposed  that  a  500-11).  modified  blast 
type'warhead  with  a  shaped  charge  Incorporated 
be  used  In  the  Lacrosse  missile. 


Curttss-Wright  Corporation. 

ON  THE  HOLLOW  CHARGE  EFFECT  (Uber 
den  Hohlraumeffekt),  by  G.  Hensel.  Nov.  19, 
1946,  52p.  IncL  lllus.  dlagrs.  (Rept.  no. 
U-4B-29;  CGD-749)  Restricted 

A  brief  survey  of  the  history  of  the  shaped  charge 
effect  is  reported.  Experiments  by  the  Aerial 
Warfare  Academy  with  unlined  charges  of  mis¬ 
cellaneous  shapes  are  summarized;  it  was  con- 
eluded  that  the  "U"  or  dome  shaped  (hemisphere 
plus  cylinder)  cavity  was  the  most  favorable  for 
piercing  armor.  It  is  stated  that  the  diameter  of 
the  hollow  space  should  be  as  large  as  possible 
but  a  sufficient  wall  thickness  of  explosive  must 


CurtlsB-Wrlght  Corporation.  „ 

DISCUSSION  ON  THE  SUBJECT  OF  THE  HOLLOW 
CHARGE  EFFECT.  (SUPPLEMENT  TO  THE 
REPORT  "ON  THE  HOLLOW  CHARGE  EFFECT*' 
BY  GERHARD  HENSEL,  U-40-29),  by  V.  Schmidt 
and  others.  Dec.  4,  1946,  42p.  IncL  dlagrs. 

(Rept.  no.  U-40-30;  CGD-750)  Restricted 

Comments  on  and  additions  to  Hensel*  a  "On  the 
hollow  charge  effect"  are  reported.  Klein  stated 
that  optimum  dimensions  for  the  cavity  and  total 
height  and  diameter  for  chargee  of  various  explo¬ 
sive  weights  had  been  determined.  He  considered 
the  experiments  of  Lodati  (Item  nos.  L164  and 
LI  149),  which  emphasized  the  thermal  effects  ol 
the  shaped  charge,  to  be  of  great  Importance. 

V.  Schmidt  reported  the  Sihlieren  photography- 
and  measurement  of  pressure  waves  from  a  Bhaped 
charge  detonated  under  water.  Schweninger  stated 
that  fragmentation  behind  armor  plate  was  more 
Important  than  penetration,  and  that  a  hemispheri¬ 
cal  shape  was  more  effective  than  a  conical  shape 
lor  this  purpose.  He  also  stated  that  experiments 
had  shown  the  be3t  relation  between  the  height  of 
cavities  and  the  diameter  to  be  1.  6,  i.e. ,  the 
height  of  the  cavity  should  be  1. 5  x  the  diameter. 


Davidson,  S.  H.  and  R.  Westwater. 

THE  SHAPED  OR  HOLLOW  CHARGE.  Mine 
and  Quarry  Engineering,  v.  15,  May  1949: 
140-145. 

Discussions  on  the  Munroe  or  Neumann  elfect, 
the  mechanism  of  the  Bhaped  charge,  suitability 
ol  explosive  filling,  material  and  shape  of  lining 
for  shaped  charge,  type  of  container,  standoff 
distance,  and  application  of  the  shaped  charge  are 
presented.  "A  review  of  the  work  done  on  shaped 
charges  leads  definitely  to  the  conclusion  that 
these  devices  have  only  a  very  limited  application 
in  the  commercial  field.  The  main  reasons  for 
this  are:  (1)  the  shaped  chargo  uses  only  a  small 
part  oi  the  explosive  energy  available,  and  this 
means  that  the  cost  of  the  explosive  is  greater 
than  with  normal  charges;  (2)  to  achieve  the 
shaped  charge  effect,  high  velocity  of  detonation 
is  essential,  and  this  can  only  be  achieved  by 
using  the  more  expensive  explosives  with  special 
priming;  (3)  metal  liners  are  costly  and  this,  to¬ 
gether  with  the  high  cost  of  the  explosive,  makes 
a  shaped  charge  a  relatively  expensive  article; 
there  does  not  appear  to  be  any  possibility  of 
appreciably  reducing  its  cost,  even  If  large 
quantities  were  to  be  produced.** 
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L678 

Defence  Research  Board  (Canada). 

ARMAMENT  AND  EXPLOSIVES,  by  7.  7.  Green. 
Dec.  8-10,  1952,  [12]p.  lncl.  Illup.  (Fourth 
Symposium,  Review  Paper  1)  (In  cooperation 
with  Canadian  Armament  Research  and  Develop¬ 
ment  Establishment)  AD-16  413  Secret 

In  this  review  of.  the  accomplishments  ol  the 
Canadian  Armament  Research  and  Development 
Establishment  (CAH.DE),  the  shaped  charge 
Heller  antitank  rocket  Is  briefly  described.  The 
rocket,  stabilized  by  a  tail  ring  and  fins,  is  fired 
at  a  high  subsonic  velocity  from  a  smooth  bore 
launcher  of  3. 2-in.  Inside  diameter.  Specifica¬ 
tions  require  that  It  defeat  B  In.  of  homo  armor 
plate  at  64°  obliquity  and  13.  5-in.  at  0“  obliquity. 

In  penetration  tests,  the  round  defeated  11-12  In. 
of  homo  armor  plate  at  0°  obliquity.  Equipped 
with  a  proper  sight,  the  Heller  approaches  the 
accuracy  of  a  gun. 

L679 

Defence  Research  Board  (Canada). 

RECENT  INVESTIGATION  OF  SHAPED  CHARGES, 
by  T.  S.  Sterling.  Nov.  30,  Dec.  1-2,  1953,  9p. 
tncl.  illus.  table.  (Fifth  Symposium,  Armament 
and  Explosives  Paoer  2)  (In  cooperation  with 
Canadian  Armament  Research  and  Development 
Establishment)  Secret 

An  analysis  is  made  of  the  performance  of  the 
2.3-in.  Heller  shaped  charge  warhead.  It  Is 
concluded  that  the  mean  penetration  and  regularity 
can  both  be  increased  by  increasing  the  thickness 
of  the  booster  pellet,  by  improving  the  method  of 
liner  support,  and  also  by  Improving  the  initiation. 
The  performance  of  the  present  spltback  fuze  limits 
the  performance  of  the  warhead  seriously.  There 
is  some  evidence  to  suggest  that  the  shape  of  the 
warhead  housing  is  r.ot  optimum.  (CARDE  abstract) 

L680 

Demolition  Research  Unit,  Naval  Amphibious 
Training  Base,  Fort  Pierce. 

REPORT  ON  CRUIM  NO.  4,  DEMOLITION 
CHARGES  MARK  16  AND  MARK  17,  by 
E.  R.  Pedersen.  Feb.  27,  1945,  17p.  lncl. 

Ulus,  tables.  Confidential 

Tests  were  conducted  to  determine  the  effective¬ 
ness  ol  Demolition  Charges  Mlc  16  and  Mk  17  rs 
demolition  munitions.  The  Mk  16  is  a  conical 
shaped  charge  having  a  waterproof  standoff  sleeve 
to  permit  its  use  underwater.  The  charge  is 
composed  of: 

Metallic  charge  8. 5  lb. 

(container  and  liner) 

Explosive  charge  10  lb.  (approx.) 

(50/50  pentollte) 

Waterproof  standoff  sleeve  10.5  lb. 

Standoit  base  (1-in.  thick  11.0  lb. 
metal  ring) 

When  attacking  above  water  targets,  a  tripod 


base  is  used  in  place  of  the  sleeve  to  obtain  the 
proper  standoff  distance.  Demolition  Charge 
Me  17  differs  from  ‘he  smaller  Mk  16  in  that  the 
charge  case  is  not  a  truncated  cone,  having  Instead 
a  heavier  body  of  rounded  contour.  This  charge 
consists  of: 

Metallic  charge  19.  5  lb. 

(container  and  liner) 

Explosive  charge  29  lb.  (approx.) 

(50/50  pentollte) 

Waterproof  standoff  sleeve  ST.  15  lb. 

Standolf  base  6. 08  lb. 

The  charges  were  employed  against  reinforced 
concrete  and  sandstone  targets  of  various  contours 
above  and  below  water.  In  these  tests  the  Mk  16 
penetrated  solid  reinforced  concrete  to  a  depth  of 
36  in. ,  giving  a  hole-bottom  diameter  of  about 
3  in. ;  the  Mk  i7  penetrated  calclferous  sandstone 
to  a  depth  of  70  in. ,  producing  a  hole-bottom 
diameter  uf  4  in.  It  was  observed  in  several  in¬ 
stances  that  the  jet  of  the  Mk  16  charge  was  de¬ 
flected  by  the  reinforcing  rods;  however,  the 
change  ol  direction  was  net  more  than  2  in.  The 
jet  of  the  Mk  17  was  not  affected  in  this  way. 

From  the  tests,  it  was  concluded  that  neither' 
the  Mk  1G  nor  the  Mk  17  demolition  charge  is 
efficient  as  the  sole  demolition  agent  for  small  re¬ 
inforced  concrete  obstacles  above  or  below  water. 


L681 

Department  of  Controller  General  of  Research  and 
Development,  Ministry  of  Supply  (Gt.  Bril.). 
CONFERENCE  ON  "SHAPED  CHARGES"  HELD 
AT  SHELL  MEX  HOUSE,  ROOM  NO.  297, 
WEDNESDAY,  26TH  AUG.,  1942  [WITH] 
GENERAL  BARNES'  U.  S.  MILITARY  MISSION 
METALLURGY  AND  GUN  AMMUNITION  GROUP.' 
[1942?].  12p.  (OSRD  Liaison  Office  WA-249-9a) 

Confidential 

Brief  summaries  ol  topics  discussed  at  the  con¬ 
ference  include  experimental  work  on  the  Munroe 
effect  and  its  bearing  in  practice,  and  the  fol¬ 
lowing  applications:  antitank  and  HE  shells, 
demolition  of  reinforced  concrete  structures, 
controlled  fragmentation,  the  capital  ship  bomb,' 
underwater  penetration,  and  the  utilization  of 
shaped  charge  heads  in  rockets. 

L682 

Department  of  Tank  Design  (Gt.  Brit.). 

TRIAL  OF  SKIRTING  PLATES  AS  A  DEFENSE 
AGAINST  HOLLOW  CHARGE  ATTACK,  by 
A.  R.  F.  Martin.  May  30,  1944,  I5p.  lncl.  Ulus, 
tabies.  (DTD  rept.  no.  M7000A/17,  no.  1) 

Secret 

The  investigation  was  made  to  determine  the  de¬ 
gree  of  protection  against  shaped  charge  attack 
which  could  be  given  lo  side  armor  of  British 
tanks  by  the  fitting  of  thin  skirting  plates.  The 
charges  used  in  ihp  tests  were  the  PIAT,  05-mm.. 
HEAT  shell,  and  a  copy  of  the  German  3-kg.  mag¬ 
netic  shaped  demolition  charge.  Results  showed 
that  the  95-mm.  HEAT  shell  (rotated)  was  de- 
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featcd  by  a  target  q!  C-mm.  I.T.  100  spaced 115  in. 
in  front  of  a  32- mm.  plate-  The  PIAT  (aarotatal) 
filled  with  RDX/TNT  50/50  was  capable  of  pene¬ 
trating  a  target  of  0- mm.  I.T.  100  spaced  in 
front  of  a  32-mm.  I.  T.  60  plate  when  fired  at 
point  blank  range  from  a  projector.  It  failed  when 
detonated  statically  In  contact  with  the  skirting 
plate.  The  copy  of  the  3-kg.  shaped  magnetic 
demolition  charge  defeated  a  6-mm.  T.T.  100 
plate  placed  15  In.  in  front  of  a  100-mm.  LT. 

80  plate.  It  is  stated  that  this  charge  appeared  to 
be  approaching  the  limit  of  its  performance  from  a 
consideration  of  damage.  The  charge  failed  against 
a  target  of  25-mrn.  1.  T.  80  placed  30  In.  in  front 
of  a  100-mm.  I.T.  BO  plate. 


Department  of  Tank  Design  (Gt.  Brit.). 

THE  PROTECTION  WITH  SKIRTING  P-ATES 

of  Churchill,  sherman.  and  cromwell 

TANKS,  AGAINST  ENEMY  HOLLOW  CHARGE 
ATTACK,  by  A.  R.  F.  Martin.  Aug.  30,  1044, 

7p.  incl.  tables.  (DTD  rept.  no.  M70Q0A/17, 
no.  2)  t'ecret 

Faustpatrone  1  and  2.  8.8-cm.  Rakcten  Panzer- 
b'uchse,  3-kg.  magnetic  shaped  demolition  charge, 
and  3.  7-cra.  Stielgranate  {muzzle-titick  bomb) 
were  tested  against  tanks  fitted  with  skirting 
plates.  It  was  concluded  that  the  fitting  of  skirting 
plates  was  of  no  advantage  where  the  Faustpatrone 
2  or  the  3. 7-cm.  Pak  Stielgranate  were  concerned. 
Against  all  the  other  charges  tried,  the  skirting 
plate  gave  marked  additional  protection  to  the 
hull  side  armor  by  reducing  the  vulnerable  arc 
and  the  damage  inside.  The  skirting  plates  were 
found  to  be  of  greatest  value  to  the  Churchill  VH 
and  of  least  value  to  the  Sherman. 


Department  cf  Tank  Design  (Gt.  Brit-). 

PLASTIC  ARMOR  AND  GRAVEL  AS  A  DEFENSc. 
AGAINST  HOLLOW  CHARGE  ATTACK.  TRIAL 
WITH  GERMAN  8.8-CM.  RAKETEN  PANZER- 
BUCHSE,  by  A.  R.  I*.  Marlin.  1045,  9p.  Incl. 
lllus.  table.  (DTD  rept.  no.  M6406A/3,  no.  1) 

Secret 

Tests  were  made  to  determine  whether  a  6-in. 
layer  of  dry  gravel  or  plastic  armor  would  pro¬ 
tect  the  2.  5 -In.  thick  turret  wall  of  the  Comet 
tank  against  the  Faustpatrone  2  and  Raketen 
Panzerbviehse.  A  comparison  was  made  io  e  er¬ 
mine  whether  the  relationship  between  the  resist¬ 
ance  of  plastic  armor  and  M.Q.  steel  armor  wag 
the  same  when  the  shaped  charges  were  the  actual 
German  projectiles  Hred  from  their  service  pro¬ 
jectors  as  that  from  small-scale  experiments  with 
charges  detonated  statically.  Results  showed  that 
this  6-in.  layer  of  grave*  would  be  of  no  value  to 
the  Comet  turret  since  this  would  be  vulnerable  to 
attack  at  40°  by  the  8.8-cm.  Raketen  Panzer- 
biichsc,  a  less  powerful  weapon  than  the  Faust¬ 
patrone  2.  It  was  found  that  2. 4  mm.  of  plastic 
armor  had  the  same  resistance  to  this  charge  as 


had  the  1  mm.  of  homo  M.Q.  steel  armor  or  that 
0  Pfl  lb  /sq.ft,  of  plastic  armor  was  equivalent  to 
l'lb  /so.  ft.  of  steel  armor.  This  figure  compared 
with  results  obtained  by  Road  Research  Laboratory 
-and  United  States  sources,  of  0.4  lb. /sq.  It-  and 
0.  5  lb!*/ sq.ft,  of  plastic  armor  respectively  Irom 
experiments  with  small-scale  charges  detonated 
statically. 


Department  of  Tank  Design  (Gt.  Brit.). 

Liability  to  premature  detonatign  of 
FUZES  IN  FANZERFAUST  60,  by  A.  R.  F.  Mar¬ 
tin.  Mar.  21.  1945,  4p.  (DTD  rept.  no. 
M7000A/44.  no.  1;  Inclosure  1  to  MA  London 
rept,  no.  R2056-45)  ^ 

Fuzes  captured  for  the  Fanzerfaust  GO  with  W.C.  - 
orW.A.  markings  were,  according  to  Informa¬ 
tion  obtained  from  foreign  documents,  liable  to 
cause  prematures  when  fired.  Forty-two  rounds 
with  fuzes  marked  W.  C.  were  fired;  all  functioned 
satisfactorily. 


Department  of  Tank  Design  (Gt.  Brit.). 

SPIKED  SKIRTING  PLATES  AS  A  DEFENSE 
AGAINST  HOLLOW  CHARGE  ATTACK,  by 
A  R.  F.  Martin.  Mar.  29,  1945,  18p.  inch 
tables,  diagrs.  (DTD  rcpL  no.  MG342A/2,  do.  1; 
Inclosure  1  to  MA  London  rept.  no.  R2294-45) 

Secret 

Tests  were  made  with  a  spiked  skirting  plate 
consisting  of  0.25-ln.  mild  steel  plate  to  which 
was  welded  a  series  of  steel  spikes  10-in.  long, 
3/8-in.  in  diameter,  set  4.  S-iri.  apart.  The 
shaped  charge  projectiles  used  for  these  tests 
were  the  3. 7-cm.  Pak  Stielgranates.  Trials  were 
carried  out  with  Panzerfaust  60  against:  (1)  a, 
lattice  framework  of  steel  strips  1-in.  wide, 
3/8-In  thick  through  the  Intersections  of  which 
spikes  8-in.  long,  0.5  In.  in  diameter  were 
screwed  and  bolted  at  the  back;  and  (2)  a  mild 
steel  plate  0.  5-in.  thick  wllh  welded  spikes  B-in. 
long,  0.  6  in.  in  diameter.  The  appendixes  give 
data'and  diagrams  of  target  arrangements. 

Department  of  Tank  Design  (Gt.  Brit.),  seealsq 
Fighting  Vehicles  Design  (Gt.  Brit.) 


Deutsche  Akadomie  dcr  Luitfahriforsclmng,  Berlin. 

ON  THE  HISTORY  OF  THE  HOLLOW  SPA^n 
EFFECT  ON  EXPLOSIVE  CHARGES  (Zur 
Geschichte  der  Hohlraumwirkung  bei  Spreng- 
ladungen),  by  II.  Frciwald.  Schriften,  1941,  58p. 
ilius.  (RcpL  no.  ZWB/DAL-104G-41;  AMC  Desk 
Catalog  no.  926  10074  2)  (Trans,  as  rcpL  no. 
B!OS/Cp,  2/HEC  591,  ’'Unclassified”,  53p.  Inch 
'  lllus!:  Inclosure  lto  MA  London  rcpL  no.  R3007-46; 
Also  trans.  as  0TI3  rept.  .no.  1148,  Iv.  incl. 

Ulus,  diagrs. ,  photographs  referred  to  through- 
inia  -nni  arp  mifisimrl  Restricted 
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A  summary  and  discussion  on  available  literature 
covering  the  shaped  charge  eilect  is  given.  Ex¬ 
tracts  from  German  and  other  publications  up  to 
the  year  1937  arc  included.  Among  these  aro 
repts.  by  Munroe,  Marshall,  Fayrnan,  and 
Woodhead,  It  was  pointed  out  that  the  shaped 
charge  eilect  was  described  by  the  German  Man 
von  Foerster  as  early  as  1883,  5  years  before 
Munroe.  Photographs  and  sketches  covering  many 
ol  these  early  experiments  are  Included  in  the 
rept.  A  bibliography  of  29  refs,  is  included. 
(Abstract  taken  from  EEC  translation  591) 

L688 

Deutsche  Akademie  der  Lultfahrltorscfnng.  Berlin. 
EXPERIMENTAL  WORK  IN  THE  HELD  OF 
DETONATION  (Experlmentelle  Artelten  zum 
Problem  tier  Detonation),  by  H.  Sctordin. 
Schritten,  1941,  p.  21-49,  illus.  '  (Rept.  no. 
XWB/DAL/1033-41  -  In  German;  AMC  Desk 
Catalog  no.  S62  10171)  4)  Unclassified 

The  subject  Is  primarily  the  detonation  of  various 
explosives,  but  the  "hollow  charge  effect"  Is 
commented  upon  generally  and  ihe  investigation 
of  various  conical  and  U-shaped  charges  is 
described. 


L680 

Deutsche  Wailen-  und  Munltlonsfabriken  A.  G. , 

Berlin. 

PROCESS  OF  MANUFACTURING  PRESSINGS 
FROM  METAL  POWDER  (Verfahren  zur  Herstel- 
Iung  von  Presskoerpern  aus  Metallpulver);  AP¬ 
PENDIX  TO  PATENT.  DEVICE  FOR  PRESSING 
METAL  POWDER  TO  MAKE  HOLLOW  PRES¬ 
SINGS;  APPLICATION  FOR  PATENT,  rnd. 
(Application  for  patent:  D  30  584  XI/Y2d;  Trans, 
as  rept;  no.  BIOS/Gp/HEC  5861,  Cp.  diagrs.) 

Restricted 

A  method  using  2  complementary  dies  is  de¬ 
scribed  for  the  manufacture  of  pressings  from 
metal  powder  to  produce  liners  for  shaped  charges. 
This  pressing  not  only  increases  the  explosive 
effect,  but  also  keeps  it  uniform.  A  device  for 
pressure  molding  of  nozzle  shaped  liners  is  also 
described. 


LB90 

Deutsche  Waffen-  und  Munitlonslabrikec  A.  G. , 

Berlin. 

[PATENT  NOTIFICATION],  ARMOR-PIERCING 
SHELLS.  Nov.  11,  1343.  (No  patent  number; 
Trans,  as  rept.  no.  BIQS/Gp.  2/HEC  10030,  20p. 
Incl.  diagrs. ;  Inclosure  1  to  MA  London  rept. 
no.  R3662-4B)  Unclassified 

Armor-piercing,  shaped  charge  [follow-through] 
projectiles  are  described.  Ignition  of  the  second 
shell  Is  brought  about  by  detonation  of  the  first  on 
target  Impact. 


L691 

Deutsche  WaiTcn-  und  MUnitionsfabricen  Jt  G., 

Berlin. 

PATENT  NOTIFICATION.  HOLLOW  CHARGE 
WITH  DOUDLE  SIDED  INITIATION.  Apr.  12, 

1944.  (No  patent  number;  Trans,  as  rept.  no. 
BIOS/Gp.  2/HEC  5588,  7p.  incl.  diagrs.) 

Secret 

The  invention,  intended  to  increase  the  efficiency 
of  shaped  charges,  provides  lor  Increasing  to  a 
certain  extent  the  length  of  the  wail  of  explosive 
beyond  the  greatest  diameter  of  the  liner,  a 
cylindrical  form  being  preferred,  and  ior  Igniting 
it  simultaneously  with  the  explosive  round  tho 
liner  by  means  of  a  detonator  with  a  primer  charge- 
annular,  if  possible.  Both  the  detonator  and  tho 
primer  charge  simultaneously  ignite  the  explosive 
from  either  end.  With  the  hollow  cylinder  ol  ex¬ 
plosive  given  the  proper  length  and  a  simultaneous 
ignition  occurring  from  above  and  beneath,  tho 
detonation  waves  will  meet  la  the  liner  at  a  point 
which  is  almost  farthest  from  the  center,  and  a 
stronger  acceleration  will  be  given  to  the  particles 
distant  from  the  center  which  are  comparatively 
unaffected  by  tho  ordinary  type  ol  initiation. 

LB92 

Deutsche  Waffen-  und  Munltlonsfabriken  A.  G. , 

Berlin. 

[PATENT  NOTIFICATION].  HOLLOW  STED 
CHARGES  WITH  IMPROVED  PERFORMANCE. 
Nov.  17,  1944.  (8/TP  732  D  94252  IVb/78e 
v.  17. 11.44;  Trans,  as  BIOS/Gp.  2/HEC  5832,  ■ 

’ip.  incl.  diagrs.;  Inclosure  1  to  MA  London  rept. 
no.  2721-4G)  Unclassified 

A  uniform  acceleration  of  detonation  in  shaped 
charges,  and  thus  an  Improvement  in  their  per¬ 
formance,  Is  produced  by  an  Igniting  charge 
fixed  so  that  the  pressure  waves  emanating 
therefrom  strike  approximately  vertically  on  the 
external  surface  of  the  liner.  By  this  arrange¬ 
ment,  the  detonation  waves  from  the  igniting 
charge  are  guided  so  that  they  strike  the  liner  at 
normal,  and  detonation  follows  with  absolute 
uniformity  and  maximum  force. 

L693 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

DEVELOPMENT  OF  LAUNCHEP-  AND  ROCKET, 
SHAPED  CHARGE  (DEVICE  K),  10  IN.  ,  WITH 
SINGLE  4.  5-1 N.  MOTOR,  byW.  M.  Podas. 

Apr.  20,  1945,  43p.  Illus.  tables,  diagrs.  (Rept. 
no.  1;  Rept.  no.  41  on  Ordnance  program  no.  5191) 

Confidential 

Tests  were  made:  to  investigate  the  feasibility 
of  propeUlng  a  10-in.  caliber  shaped  charge 
(device  K)  round  with  a  single  4. 5-in.  rocket 
motor,  utilizing  existing  components  il  possible; 
to  determine  the  range  and  dispersion  of  the 
round;  to  develop  or  select  a  suitable  fuze  for  the 
round;  and  to  design  a  crate-type  launcher  for 
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the  round.  Device  K,  developed  by  the  du  Pont 
Co. ,  used  the  same  drawn  sleel  liner  as  In  the 
M3  charge,  ar.d  Is  capable  of  propulsion  by  spigot 
mortar  or  other  methods.  Results  of  firings  with 
dummy  heads  to  compare  2  methods  of  propulsion 
(spigot  mortar  and  rocket)  showed  that  the  flight 
of  the  rocket  round  was  erratic  and  Its  dispersion 
poor  as  compared  with  the  spigot  mortar  round. 
Static  firings  of  device  K  indicated  that  the  ex¬ 
tended  n--.se  tube  designed  to  give  the  necessary 
standoff  adversely  affected  charge  penetration. 
Device  X  was  redesigned  with  a  false  hemispheri¬ 
cal  ogive.  It  was  concluded  that  the  rocket  now 
met  the  tentative  requirements  of  an  assault 
weapon  for  use  against  pillboxes,  concrete  forti¬ 
fications  and  armor.  Hounds  fired  from  a  rigidly 
mounted  crate  launcher  were  placed  In  a  10-ft. 
vertical  square  at  100  yif.  range  or  in  a  25-fL 
vertical  square  at  220  yd.  range;  however,  these 
tests  were  not  adequate  to  determine  the  disper¬ 
sion  under  service  conditions.  The  velocity  of  the 
rocket  can  be  Increased  from  about  235  ft.  /sec. 

4o  about  325  It. /sec.  by  increasing  the  propellant 
load  from  3. 1  lb.  of  thin  web  ba'lllstite  to  4.  65  lb. 
ol  standard  ballistite;  however,  this  change  will 
increase  the  dispersion  since  more  of  the  rocket 
burning  occurs  outside  the  launcher.  On  the  basis 
of  eccentricity  measurements  on  20  rounds,  there 
was  no  correlation  bciween  eccentricity  and 
dispersion.  Tests  indicated  that  the  crate  type 
launcher  Is  satisfactory  for  the  rocket,  being 
definitely  superior  to  an  open  angle  Fe  launching 
rail.  Neither  the  Mk  147  rocket  fuze  cor  the  AIR 
6  rocket  fuze  functioned  with  the  round. 

LG94 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

SHAPED  CHARGE  BOMB  TEST  AGAINST 
LAMINATED  ARMOR  PLATE,  TO  DETERMINE 
THE  PENETRATION  AND  HOLE  DIAMETER,  by 
E.  H.  Harrison  and  E.  i'-  Barr.  Dates  of  test: 
Oct.  11,  1946-Feb.  3,  1947.  lflp.  incl.  tables. 
(Firing  record  no.  B-9427)  Confidential 

.  LG95 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

BOMB,  SHAPED  CHARGE,  2000-LB- .  TBE2, 
WITH  FUZE,  AN  M103,  TESTED  AGAINST 
THICK  ARMOR  PLATE,  by  E,  If.  Harrison  and 
E.  F.  Barr.  Dates  of  test:  Mar.  10-Apr.  25, 
1947.  3p.  incL  table.  (Firing  record  no.  B-9435) 

Confidential 

L696 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

VULNERABILITY  OF  WARHEADS  TO  FRAG¬ 
MENTS  -  TESTS  3  AND  4.  Dates  of  test: 

July  22,  1947- Apr.  22,  1948.  8p.  incL  tables. 
(Firing  record  no.  B-9440-H)  Restricted 

This  record  covers  2  tests  against  500-Ib.  Comp. 
B  loaded  bombs  employing  shaped  charges.  Test 
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3  deals  with  the  shaped  charge  M3  detonated  at 
.  distances  of  40  tD  140  ft.  from  the  bombs;  test  4 
covers  the  rocket  M0A3,  HEAT,  from  distances 
of  . 14  to  40  ft.  inclusive. 

L697 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  INVESTIGATE  THE  ARMOR  PENETRATION 
EFFECTIVENESS  OF  VARIOUS  HE  LOADINGS 
IN  SHELL,  HEAT,  105- MM. ,  MG7E1.  Date  cd 
test:  Dec.  12,  1947.  [40]p.  IncL  lllus.  tablco. 
(OCO  proj.  no.  TM1-1520;  Firing  record  no. 
P-42875)  Confidential 

Five  lots  of  experimental,  M67E1,  shells  and  lTut 
of  standard.  M&7,  sheila  were  tested  for  armor 
penetration.  The  experimental  shell  varied  from 
the  standard  shell  In  that  the  standard  steel  liner 
was  replaced  with  a  Cu  liner  and  the  standard  pen- 
tollte  explosive  was  replaced  with  Comp.  B  ex¬ 
plosive  (In  1  lot)  cr  Cusp.  B  explosive  plus  a  cast 
TNT  core  (In  4  lots).  It  was  concluded  from  the 
static  firing  tests  that  the  experimental  loadings 
gave  results  superior  to  those  obtained  with  the 
standard  loading.  The  Comp.  B  loading  was  as 
effective  as  the  cast-ccre  type  loading.  Dynamic 
firing  results  are  also  included. 

L698 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

DEVELOPMENT  OF  FIN-STABILIZED  PRO¬ 
JECTILE  FOR  90-MM.  GUN,  M3.  Dates  of 
test:  Nov.  12,  1940-Apr.  10,  1049.  59p.  Ulus, 
tables.  (Firing  record  no-  P-44797) 

Confidential 

L699 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TEST  OF  SHAPED  CHARGES,  M2A1,  M3,  M0A3, 
AND  M9A1  ON  ARCTIC  TERRAIN,  by  H.  B.  Gib¬ 
son.  Aug.  10,  1949,  24p.  UicL  illus.  tables, 
dlagr.  (Pro),  no.  TM3-5201,  rept.  no.  1;  Proj. 
no.  TX4-0100,  Partial  rept.  no.  E)  Confidential 

Shaped  charges  M2A1,  M3,  M6A3,  and  M9A1  were 
tested  to  determine  their  utility  in  preparing  holes 
In  frozen  Arctic  terrain.  The  charges  were 
detonated  on  frozen  sand,  frozen  muskeg,  and 
lake  ice  at  standoffs  ranging  from  0  to  14  In.  The 
firing  data  follow: 
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From  those  test3,  tt  was  concluded  that  shaped 
charges  M3  and  M2A3  were  unsatisfactory  because 
ot  the  large  holes  and  cratering  produced  while 
shaped  charges  MS  A3  and  M9A1  were  considered 
to  be  generally  satisfactory  for  installing  Signal 
Corps  equipment  In  Arctic  terrain, 

L70D 

Development  and  Proot  Services,  Aberdeen  Proving 
Ground. 

TEST  OF  RUSSIAN  SHAPED  CHARGE  AM¬ 
MUNITION:  PROJECTILE,  122-MM.,  AND- 
GRENADE,  STICK,  HAND,  by  H.  S.  Cassell. 

Jan.  5,  1950,  5p.  lllus.  tables,  dlagrs.  (Proj. 
no.  TM1-50D2,  rept.  no.  1;  Firing  record  no. 
P-46020)  Confidential 

The  122-mm.  Russian  shaped  charge  projectile, 
and  the  Russian  stick  hand  grenade,  RPG 
M1C43  were  statically  detonated  against  8-  and 
10 -in.  homogeneous  armor  plate.  Maximum  pene¬ 
tration  tor  the  }22-mm.  projectile  was  5.  5  in.  and 
2.75  in.  lor  the  hand  grenade.  It  was  concluded 
that  ler  a  round  of  its  caliber,  the  122-mm. 
projectile  had  extremely  small  penetration  depth. 
The  standard  US  105-tnm. ,  HEAT,  MG7  round 
penetrated  11. 5  in,  ot  armor  plate  when  tired 
statically. 

L701 

Development  and  Proot  Services,  Aberdeen  Proving 
Ground. 

FUNCTIONING  AND  ACCURACY  TESTS  OF 
2.3G-IN.  ROCKETS,  T59E3  AND  T60E3,  by 
M.  T.  Smith.  Mar.  15,  1950,  35n.  tltue.  tables, 
diagr.  (Proj.  no.  TU2-1001,  rept.  no.  1) 

Confidential 

The  2.36-ln.  fin-stabilized  HEAT  rocket,  T50E3, 
with  an  0. 97  lb.  explosive  charge,  was  fired 
against  8-ln.  thick  homogeneous  armor  plate  at 
various  obliquities  and  a  range  of  100  It.  A 
summary  ot  the  tiring  results  follows: 


No.  of 

Plate 

Penetration 

rounds 

obliquity 

Cliaracter 

Average 
depth  (in.) 

4 

45° 

Partial 

5.37 

5 

0° 

Partial* 

5.87 

5 

60° 

Partial 

6.24 

2 

75° 

*1 

2.50 

2 

70° 

11 

4.08 

4 

65° 

n 

5. 08 

I 

05“ 

it 

5. 62 

1 

65° 

■i 

7.37 

5 

0° 

M 

5.20 

5 

65° 

tt 

5.02 

*  1  of  5  rockets  In  this  group  completely  pene¬ 
trated  the  target 

These  results  Indicate  that  the  penetration  per¬ 
formance  of  the  rocket,  only  1  complete  pene¬ 
tration  being  obtained,  was  very  erratic  and  un¬ 
satisfactory  at  every  target  obliquity.  It  is 


believed  that  the  PD  fuze,  T2000E1,  Med  A,  con¬ 
tributed  to  these  erratic  penetrations,  falling  to 
lunctlon  or  functioning  late  In  10%  ot  the  roundn 
fired.  However,  all  the  failure  occurred  at  plate 
obliquities  of  65'',  70°,  and  75°.  In  addition,  tecio 
were  conducted  to  compare  the  accuracy  ot  the 
2.36-ln.  practice  rocket,  TG0E3,  fitted  with 
machined  bar  stock  and  die  cast  cones.  The  firing 
oi  30  rounds  of  the  practice  rockets  against  a 
vertically  mounted  painted  steel  target  (0°  obliquity) 
Indicated  that  there  is  no  significant  difference  in 
the  functioning  of  these  2  cone  types. 

L702 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

HOLLOW  CHARGES,  A  BIBLIOGRAPHY,  by 
D.  K.  Parker.  June  1950.  42p.  £442  refs.) 

Secret 

This  is  a  list  of  documents  available  at  the  Aber¬ 
deen  Proving  Ground,  on  the  general  subject  of 
shaped  charges.  It  Is  arranged  alphabetically 
according  to  the  issuing  agency,  and  then  ■ 
chronologically. 

L703 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

SPECIAL  COMPARISON  TEST  OF  57- MM.  AND 
75-MM.  RECOILLESS,  HEAT  ROUNDS  AGAINST 
2-IN.  HOMOGENEOUS  PLATE  AT  60°  OBLIQ¬ 
UITY.  Date  of  test:  Aug.  12,  1950.  4p.  inch 
_  tables,  (Firing  record  no.  P-47379)  Restricted 

L704 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

THE  VULNERABILITY  OF  ARMORED  VEHICLES 
TO  BALLISTIC  ATTACK.  CHAPTER  II.  SEC-  . 
TION  VI.  JET  PENETRATION.  Sept.  1950, 
p.  75-80  incl.  illus.  diagrs.  (Proj.  no.  TT1-709) 

Confidential 

In  this  vulnerability  study  of  armored  vehicles, 
the  shaped  charge  was  briefly  considered.  The 
following  subjects  were  discussed:  (1)  the  factors 
affecting  shaped  charge  performance;  (2)  the 
materials  for  protection  against  shaped  charges; 
and  (3)  the  future  of  shaped  charge  attack  ar.d 
protective  measures. 

L705 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  OBTAIN  DATA  ON  THE  VULNERABILITY 
OF  A  T2GE4  TANK  TO  ATTACK  BY  A  3. 5-IN. 
HEAT  ROCKET,  M23  AT  100  YD.  RANGE. 

Dates  of  test:  Sept.  19-Dec.  3:  1950.  lv.  Incl. 
illus.  tables.  (Proj.  no.  TB3-1224B;  Firing 
record  no.  Ar-17193)  Restricted 

Seventy  3.  5-In.  HEAT  rockets  of  the  M28  type 
were  fired  against  a  fully  equipped  T26E4  tank. 
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Ot  69  hits  on  the  tank,  39  penetrated  the  interior 
and  30  failed  to  penetrate.  The  large  percentage 
of  failure  to  achieve  penetration  eras  attributed  to 
slow  fuze  functioning,  An  additional  source  of 
inconsistency  in  performance,  hence  reduced 
effectiveness,  was  the  unknown  variation  In  be¬ 
havior  of  the  explosive  charge  and  liner  which  wan 
attributable  to  conditions  of  manufacture. 

LTOtr 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  FUNCTIONING  AND  ARMOR 
PENETRATION  OF  90-MM.  SHELL,  HEAT, 

T I08SI.  Dates  of  test:  Oct.  12-Dec.  4,  I960, 

3p.  tables.  (Prej.  no.  TMI-145I;  Firing  record 
no.  P-47250)  Confidential 

L707 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground, 

TO  DETERMINE  TRACER  FUNCTIONING  OF 
CARTRIDGE  HEAT-T,  M307AI,  WITH  FUZE, 

PI,  M90  FOR  57-MM.  RIFLE,  AMMUNITION 
LOT  NO.  PA-E-3957.  Date  of  test:  Nov.  21, 

1950.  [10]p.  inel.  tables,  diagrs.  (Firing  record 
no.  P-47300)  Restricted 

L708 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

STATIC  PENETRATION  TESTS  OF  THE  SHAPED 
CHARGE  HEAD  OF  ROCKET,  HEAT,  3.  5-IN. , 
M28,  by  M.  T.  Smith.  Nov.  27,  1950,  26p.  Ulus, 
tables,  diagrs.  (ProJ.  no.  TU2-1015,  rept.  no.  1) 

Confidential 

The  rocket  heads,  containing  a  1.  93  lb.  bursting 
charge  of  Grade  I  Comp.  B,  were  fired  statically 
against  12-in.  thick  Class  B  homogeneous  armor 
plate  at  angles  of  obliquity  ranging  from  30°  to 
70°  to  determine  the  penetration  characteristics 
of  the  M23,  A  summary  of  the  plate  penetration 
data  follows: 


Rounds 

Standoff 

Obliquity 

Penetration 

considered 

(in.) 

n 

mean  (in.)' 

5 

4.2 

39 

13.55 

5 

<  ’ 

•i5 

12.  52 

6 

,.2 

55 

12.55 

5 

4.2 

'  00 

11.48 

3 

4.2 

65 

13.98 

5 

4.2 

70 

11.20 

At  65°  obliquity  the  penetration  was  0. 2  in.  less 
than  that  obtained  at  70°  obliquity;  however,  these 
data  are  based  on  limbed  firings.  In  most  cases, 
it  was  observed  that  the  jets  penetrated  the  plate 
along  the  predetermined  line  of  obliquity.  It  was 
concluded  that  the  efficiency  of  the  3.  5-ln.  HEAT 
rocket,  M23,  was  greatly  decreased  by  tho  slow 
functioning  (CO  msec. )  BD  fuze,  M404.  Pene¬ 
tration  profiles  are  included  for  the  various 
angles  of  obliquity. 


Development  and  Prod  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  CHARACTERISTICS  OF  FUZE, 
BD,  T165E3,  ASSEMBLED  TO  SHELL,  HEAT, 
M66,  FOR  75-mJrI.  HOWITZER,  Ml.  Dates  of 
test:  Nov.  30  and  Dec.  3,  1950.  [14]p.  incL 
tables.  (Proj.  no.  TM1-2537B;  Firing  record 
no:  P-4739S?  Restricted 


L7I0 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground, 

DEVELOPMENT  TEST  OF  SHELL,  HEAT,  T131 
SERIES  FOR  105-MM.  HOWITZER,  M2  AND 
M4.  Dates  of  test:  Dec.  8,  7,  and  18,  1950,  10, 
11,  12,  and  10,  Jan.  1951.  16p.  Ulus,  tables, 
diagrs.  (Firing  record  no.  P47450)  Confidential 


L711 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  EFFECT  OF  ALTITUDE  ON 
JET  PENETRATION  OF  SHAPED  CHARGES. 
Dates  of  test:  Dec.  8,  1950-Ian.  30,  1951.  Ip. 
Ulus.  (Proj.  no.  TB3-6238;  Firing  record  no. 
P-4729B)  Restricted 


L712 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

FIRST  REPORT  ON  TEST  OF  SHAPED  CHARGE, 
MODIFIED  2.36-IN.  ROCKET  HEAD  M8A3C, 

ON  FIRM  GROUND,  by  S.  C.  Noble.  Dec.  21, 
1950,  22p.  lllus.  table,  (Proj.  no.  TM3-5201, 
rept.  no.  2)  Confidential 

Test  firings  were  made  using  5  shaped  charges 
with  ground  shields  and  5  shaped  charges  alone. 
The  results  of  these  firings  at  a  standoff  of  8  in. 
follow: 


With  ground  shield 

Without  ground  shield 

Round 

Depth  of 

Round 

Depth  of 

no. 

Hole  (in.) 

no. 

hole  (in.) 

1 

34.75 

2 

32.25 

3 

29.  50 

4 

38.75 

5 

31.50 

6 

29.75 

7 

28.  50 

8 

32.25 

B 

34.75 

10 

33.00 

Average 

31.80 

Average 

33.20 

The  diameter  of  all  holes  was  very  uniform,  being 
approximately  5  in.  for  a  depih  of  about  1.  5 It. 

The  target  ground  was  moist  and  picked  well; 
however,  the  ground  was  not  waterlogged,  the 
holes  remaining  water  free. 
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Development  ocd  Proa!  Services,.  Aberdeen  Proving. 
Ground. 

STATIC  DETONATION  OF  SHELL,  00-MU. 

T10S  AGAINST  ARMOR  PLATE.  byJ.  D.  Arml- 
tage.  [1031],  2p.  (In  Engineering  progress  rept. 
lor  June  15-July  15,  1951  ol  the  Budd  Co. 
(DA33-034-ORD-6Z),  p.  5-6)  (Proj.  uo. 

TAI-1451,  Memo.  repf.  rw.  1)  Confidential 

Two  hundred  fifteen  shells,  HEAT,  OC-mm. 
T108E11  were  fired  statically  against  armor 
plate  to  determine  the  effect  of  various  manu¬ 
facturing  Irregularities  upon  the  depth  of  penetra¬ 
tion.  The  armor  plate  consisted  of  plates  8  in.  s 
8  in.  with  a  thickness  of  3  In.  and  L  25  In.  The 
3  top  plates  were  3  In.  thick  and  the  remaining  7 
plates  were  1.25  In.  thick.  The  Brinelt  Hardness 
of  the  3-ln.  plate  was  248  and  of  the  1. 25-In. 
plate  was  175.  The  standoff  was  8  In.  tor  all  tho 
shells  tested.  It  was  concluded  that  the  shells  with 
the  internally  machined  bodies  did  not  yield  signi¬ 
ficant  increase  in  the  depth  of  penetration  as  com¬ 
pared  with  those  shells  having  "as  forged"  bodies. 
A  longitudinal  variation  up  to  0.  011  in.  and  a 
spit-back  eccentricity  of  0.  010  in.  did  not  affect 
the  depth  of  penetration.  The  depth  of  penetration 
was  decreased  by  a  tube  eccentricity  of  0.020  in. , 
by  a  transverse  liner  variation  from  0  to  0.  003  - 
0.  006  in. ,  and  by  wavy  liners  with  a  transverse 
variation  up  to  0.  010  In.  Rounds  with  variations 
such  as;  (1)  Frankford  Arsenal  machined  bodies 
and  (2)  forged  bodies;  (3)  Budd  Co.  RSi  ar.d 
(4)  RS2  rounds  with  0. 010-and  0.020-In.  controlled 
tube  eccentricities  respectively;  (5)  Budd  Co.  RS3 
round  with  0. 020-in.  random  tube  eccentricity; 

(6)  Budd  Co.  RS4  liner  longitudinal  variation  up  to 
0.  008  -  0.011  in.;  (7)  Rf>5  liner  transverse 
variation  up  to  0. 003  -  0.  000  In. ;  (8}  wavy  liners  - 
maximum  0. 010-tn.  transverse  variation;  (9)  RS8 
"as  forged"  control;  and  (10)  RS7  "as  forged" 
were  tested.  Penetrations  in  In.  of:  (1)  IS.  37; 

(2)  13.00;  (3)  13.42;  (4)  12.  57;  (5;  12.98;  (6)13. 14; 

(7)  10. 80;  (8)  10. 11;  (9)  13.21;  and  (10)  13. 14, 
respectively,  were  obtained. 

L714 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TEST  OF  ROCKET,  HEAT,  3.5-IN.,  M2B 
(T80E2),  by  S.  J.  Nicolosl.  [19  51],  21p.  lncl, 
tables,  (Pro),  no,  TU2-1002A,-  rept.  no.  2) 

Restricted 

Test  firings  were  made  to  determine  the  plate 
penetration  characteristics  of  the  3.  5-tn.  HEAT 
rocket,  M28  (T80E2)  at  obliquities  of  45°  and 
60°  against  various  thicknesses  of  armor  plate. 

A  summary  of  these  firings  follows: 


Armor  plate 

Ave.  penetration 

thickness  (in. ) obliquity  (°) 

depth  (in. ) 

7 

45 

6.9+ 

7 

60 

0.5 

10 

45 

9.7 

5 

60 

10.0+ 

It  wa3  concluded  that  7UJ  of  these  rockets  will 
completely  penetrate  5  In.  of  armor  plate  at  00° 
obliquity  and  at  range  ol  SQO  fL 

1.7 15 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

VULNERABILITY  OF  T26E4  TANKS:  3.5-IN. 
HEAT  ROCKET  HEADS  VS.  FUEL  TANKS 
(GASOLINE  PILLED).  Dates  of  test:  Jan.  3- 
Apr.  II,  1951.  [30]p.  Inch  Ulus,  tables,  dlagra 
(Proj.  no.  TB3-1224B;  Firing  record  no. 

AR-17341)  Restricted 

Results  are  reported  of  tests  against  5-Eal. ,  light 
gauge,  stock  Issue  tinned  cans,  and  2  pieces  of 
3-ln.  thick  rolled  homogeneous  armor  plate 
simulating  a  lank  hull.  The  rocket  heads  were 
also  fired  against  T28E4  fuel  tanks  mounted  In 
engine  compartments.  The  observation  repL 
states  tliat  although  fires  resulted  In  all  cases, 
damage  to  containers  with  less  gasoline  and  when 
Jets  were  aimed  above  the  fuel  level  wan  less 
than  when  Jets  were  aimed  below  the  fuel  levoL 

L718 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  ACCURACY  OF  SHELL,  HE, 
M309A1,  AND  HEAT,  M310A1  (T39),  75-MM. 
RIFLE.  Dates  of  test:  Jan.  12  and  17,  1951.  (10]p. 
lncl.  tables,  dlagrs.  (Firing  record  no.  P-47504) 

Unclassified 
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REPORT  OF  TRIP  TO  UNITED  KINGDOM, 
FRANCE,  AND  BELGIUM,  30  JAN.  1951  TO 
24  FEB.  1951,  by  T.  F.  Colleran.  Mar.  5,  1951, 
25p.  lllus.'  tables,  dlagrs.  Secret 

It  is  reported  that  the  British  linear  shaped 
charge  device  "Hayrick",  having  a  9-lb.  cxplostvo 
charge,  ie  effective.  These  charges  are  placed 
in  necklace  form  to  cut  large  bridge  girders. 

The  flat  charge  metallic  mine  being  developed  by 
the  French  was  very  effective  when  fired  against 
thick  belly  armor  (80  mm. ).  A  plastic  shaped 
charge  mine  is  also  being  developed  by  the  French. 
This  mine  contains  a  9G°  glass  liner  14  cm.  In 
diameter  x  0  cm.  deep.  No  tests  were  made  on 
the  mine. 
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VULNERABILITY  OF  T26E4  TANKS:  3. 5-IN. 
HEAT  ROCKET  M28A1  VS.  TEST  TANK  NO.  3 
(SIMULATING  ATTACK  BY  AIRCRAFT).  Dates 
of  test:  Mar.  C-Apr.  12,  1951.  [4]p.  tncl.  iUus. 
tables,  diagrs.  (Proj.  no.  TB3-1224B;  Firing 
record  no.  Ar-17340)  Restricted 
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A  summary  of  rounds  fired  at  the  target  tank  Is 
appended.  It  was  concluded  that  the  crew,  under 
combat  conditions  with  the  tank  In  motion,  would 
nave  been  unable  to  extinguish  fuel  ffres  caused 
by  the  3.  5-in.  rocket  rounds.  Of  16  hltc,  0  would 
have  destroyed  the  tank  by  fire  and  4  others  would 
have  put  the  tank  out  of  action. 
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Development  and  Proof  Servlcea,  Aberdeen  Proving 
Ground. 

TEST  OF  SHELL,  HEAT,  75-MM. ,  T84,  FIN- 
STABILIZED.  Dates  of  test:  July  28-Sept.  24, 
1950.  Mar.  13,  1951,  4p.  illus.  tables,  dlagrs. 
(Pro],  no.  TM1-1282,  rept.  no.  1;  Firing  record 
no.  P-47000)  ConiidentUl 

.  Shells  were  fired  from  a  smooth  bore  tube  for 
operation  of  the  fin  assembly,  accuracy  at  ranges 
of  1000  and  1500  yd. ,  and  time  of  flight  over 
a.  proxlmately  1000  yd.  The  fins  began  to  open 
while  the  shell  was  traveling  down  the  tube,  but 
the  gouging  of  the  tube  wall  was  not  considered 
serious  in  this  test.  The  fin  opened  on  all  shells 
fired.  Accuracy  of  the  shell  at  ranges  of  1000  and 
1500  yd.  was  considered  unsatisfactory. 

L720 

Development  and  Procf  Services,  Aberdeen  Proving 
Ground. 

COLD  WEATHER  TESTS  OF  SHAPED  CHAHGE 
IN  HEAD  OF  2.36-IN.  ROCKET,  HEAT,  M6A3C 
AS  USED  FOR  MAKING  HOLES  IN  FROZEN 
GROUND  (1950-1951  WINTER  TRIALS),  by 
W.  D.  Woodford.  June  IB,  1961,  9p.  Illus. 

(ProJ.  TQ3-9100,  rept.  no.  4) 

Confidential 

Shaped  charges  In  the  heads  of  2.36-ln.  rockets 
(HEAT,  M0A3C)  were  detonated  at  a  standoff  of 
8-ln.  over  various  types  of  frozen  ground  In  the 
Devils  Lake,  North  Dakota  area.  A  1-tn.  steel 
ground  shield  plate  with  a  1-ln.  or  3-In.  diameter 
hole  was  used  with  about  half  the  charges.  Some 
of  the  holes  maae  by  the  shaped  charges  were 
enlarged  by  extrudible  explosive  or  dynamite. 

Holns  averaging  about  30  In.  deep  were  made  In 
ground  frozen  to  18  in.  Penetration  was  reduced 
to  a  minimum  of  6  in.  In  certain  types  of  ground 
containing  sand,  gravel  and  rock.  A  maximum 
penetration  depth  of  41  in.  was  obtained  In  sandy 
clay.  Round-by-round  assessments  of  the  firings 
are  included  In  appendixes. 
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Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

BALLISTIC  TEST  OF  A  PROPOSED  MEANS  OF 
DEFEATING  SHAPED  CHARGE  AND  PLASTIC 
EXPLOSIVE  SHELL  ATTACK.  Dates  of  test:  ' 
Mar.  12-July  11,  1951.  Aug.  B.  1951,  0p.  illus. 
tables,  diagra,  (ProJ.  no.  TT1-5,  rept.  no.  2; 
Armor  test  rept.  r.D.  AD-1139)  Confidential 

Results  are  presented  for  the  ballistic  testing  of 


the  proposed  arrangement.  The  angle  arrange¬ 
ment  as  tested  against  the  3.  5-ln.  HEAT,  M28A2 
rocket  afforded  protection  against  1001  of  the 
Impacts  ai  60“  obliquity,  43%  of  the  Impacts  at 
45“  obliquity,  and  0%  of  the  impacts  at  0“  obliquity. 
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Development  and  Prcol  Services,  Aberdeen  Proving 
Ground. 

TO  OBTAIN  DATA  ON  THE  PENETRATION  OF 
3.  -3-IN.  HEAT  ROCKET  HEADS  VS.  CAST 
ALUMINUM  AND  ROLLED  STEEL  PLATES. 

Dates  of  test:  Aug.  B-23,  1951.  I27]p.  incl. 

Ulus,  dlagrs.  tables.  (Pro),  no.  TB3-1224B; 
Firing  record  no.  Ar- 17646)  Restricted 

Seventy-one  rocket  heads  were  detonated  for  the 
'  following  conditions:  (1)  normal  to  edge  of  Al 
(average  penetration  =  28. 2  tn.};  (2)  Al  at  60° 
obliquity  backed  by  steel  (average  penetration* 
l!.2  -'n.  Al,  7.  2-ln.  steel);  (3)  normal  to  Al 
backed  by  steel  (average  penetration =5.  6-ln. 

Al,  lG-in.  steel);  (4)  normal  to  steel,  Al  and 
sieel  (average  penetration  =  5. 6-in.  Al,  9. 7-la. 
steel);  >5)  normal  to  l-ll/16-ln.  steel  plate, 

5.  6-in.  air  space,  more  steel  plate  (average 
penetration  =  13. 0-ln.  steel);  (6)  5.  6-ln.  additional 
standotf  from  1-11/10  in.  steel  plate  (average 
penetratlon  =  12.2-ln.  steel);  (7)  rocket  touching 
and  normal  to  steel  1-11/16  In.  plate  (average 
penetration  =  11. 9-in,  steel).  Radiographs  of 
the  penetrations  obtained  for  condition  1  are 
appended. 
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Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  THE  VULNERABILITY  OF 
DIESEL  FUEL  CONTAINERS  TO  3.5-IN.  HEAT 
ROCKET  HEADS,  M28A2,  STATICALLY  DET¬ 
ONATED.  Dates  or  tests:  Aug.  2B-Sept.  20,  1951. 
lOp.  Incl.  tables.  (ProJ.  no.  TB3-1224B;  Firing 
record  no.  Ar-17650)  Restricted 

Eighty- one  rocket  heads  for  3.  5-ln.  HEAT, 

M28A2,  were  statically  detonated  against  con¬ 
tainers  ot  no.  2  diesel  fuel,  and  4  rounds  against 
gasoline  containers.  Tabular  data  are  appended. 
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Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

DEVELOPMENT  OF  FUZE  PI,  T15D  SERIES, 
FOR  75- MM.  AND  LARGER  HEAT  AMMUNI¬ 
TION.  Datcol  test:  Oct.  15,  1951.  13p.  IncL 
tables.  (ProJ.  no.  TA1-2537C  (TA1-2702); 

Firing  record  no.  P-49398)  Confidential 

Firings  were  made  against  homogeneous  steel 
armur  plate  targets  at  various  obliquities  to 
test  the  functioning  of  the  T150E  and  MSI  fuzes. 

A  summary  of  these  firings  using  the  75-mm. 

M3  IGA  HEAT  round  follows: 
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Rounds  Fuze  I  H  TO  IV 


T150ES 

0° 

4.5lm 

1 

7  (a.ve.  3. 4  in.) 

mi 

0° 

4.  5  in. 

0 

5(ave.  ?.  6 in.) 

T13DE3 

60° 

2. 0  In. 

0 

0 

T150E3 

00° 

2.0  in. 

0 

0 

M91 

60° 

2.0  in. 

2  . 

D 

I  =  plate  obliquity;  n  =  targn  thickness;  III  “complete 
penetration;  IV  =  partial  penetration. 

All  rounds  appeared  to  function  with  high  order; 
however,  it  was  apparent  in  the  firings  against 
plate  at  GQ°  obliquity,  that  this  high  order  detona¬ 
tion  was  not  the  result  of  fuze  action  wllh  the 
possible  exception  of  2  rounds.  It  was  concluded 
that  the  test  fuzes  performed  unsatisfactorily 
against  steel  armor  plate. 
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Development  and  Proof  Services.  Aberdeen  Proving 
Ground. 

‘  VULNERABILITY  OF  2SE4  TANKS:  105-MM. 
HEAT-T  M67  VS.  TEST  TANK  NO.  10  AT 
500-YD.  SIMULATED  RANGE.  Dates  of  test: 
Oct.  16-30,  1951.  [44]p.  incl.  ilius.  tables. 
(Proj.  no.  TB3-1224B;  Firing  record  no. 

Ar- 17726)  Restricted 

Test  results  showed  that  all  rounds  functioned 
properly  and  formed  proper  Jets  except  for  1 
round  which  was  upset  when  it  hit  the  edge  of  the 
gun  mantlet  before  hitting  the  turret.  Of  the 
20  rounds  fired,  7  penetrated  the  tank;  Two 
rounds  were  defeated  by  armor  and  obliquity,  and 
4  rounds  did  not  cause  any  damage.  Other  data 
are  included. 
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TEST  OF  ROCKET,  ANTITANK,  73-MM, 
FRENCH  AND  LAUNCHER,  ROCKET,  73-MM, 
FRENCH.  Nov.  15,  1951,  14p.  illus.  tables. 
(Proj.  no.  TU2-8B,  rep!,  no.  1;  Proj.  no. 
TS4-4019,  rept.  no.  6)  Secret 

Rockets,  73-mm.,  both  practice  and  HEAT, 
were  fired  to  obtain  data  relative  to  the  accuracy, 
velocity,  plate  penetrating  ability,  fuze  time,  and 
fuze  arming  distance  of  these  rockets  as  well 
as  characteristics  of  the  launcher  when  subjected 
to  pendulum,  dust,  mud  and  rain  tests.  It  was 
concluded  that  the  rocket,  antitank,  73-mm., 
French,  was  superior  to  the  rocket,  HEAT, 

3. 5-ln. ,  M28A2,  with  respect  to  armor  penetrat¬ 
ing  ability,  probability  ol  obtaining  a  first  round 
hit  on  a  moving  target,  and  its  light  weight.  The 
launcher,  rocket,  73-mm. ,  French,  was  satis¬ 
factory  except  for  several  deficiencies  with  re- 
i  sped  io  handling  and  aiming  ease. 
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Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  DETERMINE  THE  ACCURACY  AND 
FUNCTIONING  OF  SHELL,  HEAT,  T138E57, 
105-MM.  RIFLE,  T137E1.  Dates  of  test: 

Noy.  2Q  and  28,  1951.  8p.  tables,  dlagrs.  (Proj. 
no.  TA1-1540;  Firing  record  no.  P-51033) 

Confidential 

The  HEAT  shell,  TI38E57  was  Tired  against 
homogeneous  armor  plate  targets  at  obliquities  of 
0°  and  60°  to  obtain  penetration  data.  A  summary 
of  the  firings  al  1007-yd.  range  follows: 


Target  Horizontal  penetration  (in.) 


Mean- 

Max. 

Min. 

6-in.  -‘■6-in.  +4-in. 
homo,  armor  platen 

14 

15.25 

12.0- 

6-in,  +4'-in.  homo. 

13.375 

.15.0 

12.0- 

armor  plates 

. 

L728 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

VULNERABILITY  OF  T26E4  TANK:  90-MM.  . 
HEAT-FS,  T103E15  W/FUZE,  PI,  T209,  VS. 
TEST  TANK  NO.  11  AT  340- YD.  RANGE. 

Dates  of  test:  Doc.  13,  1951-Ian.  23,  1952.  lv. 
inel.  illus.  tables,  dlagrs.  (Proj.  no. 
TB3-1224B;  Firing  record  no.  Ar-180B8) 

Confidential 

Tabular  results  from  tests  with  34  rounds  ol 
HEAT-FS  fired  against  the  tank,  target  are  given. 
Thirty-one  ol  the  rounds  hit  the  tank.  The  depth 
of  damage  produced  by  a  penetration  was  seldom 
great. 
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TEST  Or'  CARTRIDGE,  90-MM. ,  T108EI1  IN 
GUN,  90-MM. ,  T133E1,  by  F.  M.  Mahan. 

Dec.  18,  1951,  15p.  tables,  diagr.  (Proj.  no. 
TA1-1462,  rept.  no.  1)  Confidential 

Tests  were  conducted  to  determine  the  per¬ 
formance  of  the  90-mra.  HEAT,  T10BE11  round 
■when  fired  at  2800  ft.  /sec.  muzzle  velocity  from 
the  90-mm.  T133E1  gun.  Fifteen  rounds  were 
fired  against  a  5- in.  homogeneous  armor  plate 
target  at  a  range  cf  1000  yd.  and  an  angle  of 
obliquity  of  55“.  Twelve  complete  penetrations 
were  obtained  giving  average  entry  and  exit  hole 
diameters  of  1.25  and  1. 0  in. ,  respectively.  One 
partial  penetration  of  9  in.  was  also  recorded. 
From  these  data,  it  was  concluded  lhat  the  per¬ 
formance  of  the  T10BE11  round  when  fired  from 
the  T133E1  gun  is  comparable  to  that  obtained 
when  the  90-mm.  M3  gun  is  used. 
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TEST  OF  FUZE,  PIBD,  T209,  ASSEMBLED  TO 
CARTRIDGE,  HEAT,  90-MM. ,  T108  SERIES, 
by  F.  M.  Mahan.  Dec.  27,  1951,  27p.  tables. 
(ProJ.  no.  TA1-2G03A,  rept.  hd.  1)  Confidential 

150-mm.  HEAT  rounds,  fitted  with  modifications  of 
the  fuze  PIBD,  T20O,  were  tested  against  as~cr 
plate  at  obliquities  of  0°;  55°,  and  60°  to  deter¬ 
mine  the  functioning  characteristics  of  the  npft- 
back-typc  fuze.  Round -by-round  assessments  of 
the  firings,  including  target  type,  obliquity,  range, 
and  number  of  complete  and  partial  penetrations, 
are  given.  From  these  data,  it  was  concluded  that 
the  T209  fuze  is  a  satisfactory  Interim  fuze  lor  use 
with  nonrotated,  fln-siabilized  HEAT  rounds. 
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STATIC  TEST  OF  SHELL,  HEAT,  FS,  T188E2, 
57 -MM.  RIFLE,  TPR  FA-RE-182,  by  L.  E.  Wills, 
[1952],  16p.  tables.  (ProJ,  no.  TA1-1152, 

Memo,  rept,  no.  1)  Confidential 

Three  types  of  57-nun.  T188E2  static  flrLug 
devices,  loaded  with  Comp.  B,  were  fired  against 
target  stacks  of  1.  5-In.  thick  homogeneous  steel 
plates  piled  13.  5  In.  high  to  obtain  penetration 
data.  A  summary  of  the  test  firings  follows: 


nod  trp#  d  round 

Bound# 

PinttnUoa(Ut.; 
Hjul  Min.  Art. 

Utu  tUvU- 
Uoo  (In. ) 

At#.  tali  «L 
(cu.  La. ) 

PA-E-8BM  (ilmpl*  Ilnir, 
conduU  with  wlr«  Ihrfujb 
o(  liMr) 

ID 

10.1 

i.i 

p.fl 

C.4 

1.35 

P\-Z-mi(«pU>  \ek  tjr?# 
liur,  eorwSuii  »lih  *!r* 
ttroutb  tid*  of  Untr) 

10 

xo.D 

fl.fi 

».o 

Q-fl 

1.34 

PA-X-MHMttachtyp# 
Un»r,  coortuJl  »lfb  wire 

• 

11.0 

fi.o 

fi.fi 

O.fi 

1.34 

tAroujti  rpltb*ck  tub#  la 
epos  of  Ubat) 
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PRELIMINARY  SERVICE  BOARD  TEST  OF 
CARTRIDGE,  HEAT,  T184E3,  105-MM.  RIFLE, 
M27.  Dates  of  test:  Jrn.  24-Feb.  26,  1052. 

20p.  Ulue  tables,  dlagrs.  (ProJ.  no.  TA1-154D; 
Firing  record  no.  P-52591)  Confidential 

The  105-mm.  HEAT  3hell,  T184E3,  was  fired 
against  various  combinations  of  laminated  homo¬ 
geneous  armor  plate  at  different  obliquities, 
ranges,  and  temperatures  to  obtain  penetration 
data.  A  summary  of  the  firing  data  follow: 


i 

n 

in 

IV 

V 

VI 

6 

16  in; 

0° 

5 

0 

— 

1 

10  in. 

60* 

0 

1 

17  in. 

13 

10  In. 

60° 

0 

12 

15  In. 

1=  rounds  considered;  H=  target  (armor  plate); 
in  =  obl!qulty;  rV  =complete  penetration;  V=partial 
penetration;  VI  =  ave.  penetration. 


In  extreme  temperature  tests,  rounds  were  fired 
against  a  lamination  of  6  1. 5-in.  armor  target 
plates  at  60°  obliquity  and  at  a  range  of  133, 3  yd. 
At  +125°  F,  the  2  roends  considered  gave  an 
average  penetration  of  14  in. ,  while  the  2  rounds 
fired  at  -65°  F  gave  an  average  penetration  of 
14, 5  in.  It  ts  concluded  that  the  large  number  of 
deflagrations  was  caused  by  damage  to  the  fuze 
during  assembly. 
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Development  and  Proof  Cervices,  Aberdeen  Proving 
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DEVELOPMENT  OF  SHELL,  HEAT,  T84, 
FIN-STABILIZED  FOR  75-MM.  GUNS.  Dates  of 
test:  Aug.-SepL  1951.  Jan.  29,  1952,  7p.  llius. 
tables,  dlagrs.  (Pruj.  no.  TA1-1282,  rept.  no.  Ip 
Firing  record  no.  P -49071)  Confidential 

A  powder  charge  (31.25  oz.  of  propellant,  lot- 
18843)  was  developed  that  produced  a  maximum 
velocity  (2200  ft./cec.)  withifi  the  desired  pres¬ 
sure  range.  The  projectile  was  accurate  at  a 
range  of  1000  yd.  when  fired  from  a  rifled  tube 
and  when  the  fin-operating  mechanism  functioned 
normally. 
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DETERMINATION  OF  EFFECTIVENESS  AND 
FUNCTIONING  CHARACTERISTICS  OF  GRE¬ 
NADE,  RIFLE,  HEAT,  T37  SERIES,  WITH 
FUZE  GnENADE,  T1C14,  by  A.  B.  Jeriny. 

Feb.  13,  1952,  7Dp.  incL  lllu3.  tables,  diagTa. 
(Proj.  no.  TQ3-5011,  rept.  no.  1)  Confidential 

Forty-nine  grenades  of  the  types  T37,  T37E2,  and 
T42  (Energa)  with  the  T1014  fuze  were  fired 
from  an  Ml  rifle  la  penetration  teats  against 
varying  thicknesses  cl  homogeneous  armor  plate. 
The  armor  penetratioa  data  follow: 


Type  and 
no.  fired 

Target 
thicfciesa 
•  (in.) 

Impact 

Penetration  (in.  ) 
max.  min.  ave. 

TS7  (2) 

6 

Normal 

One 

complete  penet. 

T37  (1) 

6 

60* 

No 

If 

T37  (1) 

4 

55° 

One 

N. 

M 

T37  (1) 

S 

55° 

One 

ft 

ft 

T37  (10) 

10 

Normal 

8.0 

3.0 

0.0 

T37E2  (12) 

11* 

Normal 

11.0 

8.4 

10.  25 

T37E2  (5) 

6.75 

60° 

10+ 

4.5 

6.7 

Energa  (2)  11“  Normal 

“10  in.  cf  steel  la  Urged 

10.0 

10.0 

10.0 

It  was  concluded  that:  (1)  the  T37  grenade  was 
unsatisfactory  from  the  standpoint  of  armor  pene¬ 
tration;  (2)  the  T37E2  performed  satisfactorily 
fn  armor  penetration  tests;  (3)  insufficient  Energa 
grenades  were  fired  to  obtain  adequate  armor 
penetration  data;  (4)  the  T1Q14  fuze  was  unsatis¬ 
factory  with  respect  to  functioning,  grazo  Impact, 
and  arming. 
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Development  ar.d  Proof  Services,  Aberdeen  Proving 
Ground. 

REAR  BLAST  EFFECT  OF  3.5-INCH  ROCKET. 
Dates  of  test:  Oct.  18-31,  1351.  Feb.  27,  1952, 
6p.  ilius.  tables,  diagrs.  (Proj.  no.  TU2-7C, 
rept.  no.  1:  Firing  record  no.  R-2814) 

Restricted 

Tests  were  made  to  determine  the  danger  area 
lor  personnel  and  inflammable  materials  to  the 
rear  o£  3.  5-in.  rochet  launchers.  It  was  con¬ 
cluded  that  high  velocity  gases,  particles,  and 
flame  from  the  rear  of  the  launcher  would  injure 
personnel  and  ignite  inflammable  materials  up 
to  a  distance  ol  at  least  25  ft.  directly  to  the  rear 
of  the  launcher. 
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-  TO  DETERMINE  THE  FUNCTIONING  AND 
PENETRATING  ABILITY  OF  THE  ROCKET, 
HEAT,  3. 5  IN. ,  T205,  WITH  FUZE,  ROCKET, 
PIBD,  T2030E2.  Dates  of  lest:  Mar.  26  and 
Apr.  2,  1952.  lOp.  table.  (Firing  record  no. 
R-2B48)  Coniidential 

The  3. 5-ln.  HEAT  rocket,  T205,  lilted  with 
PIBD  fuze  T2030E2  was  fired  against  12-in.  thick 
Homogeneous  armor  plate  to  determine  the 
rocket's  penetrating  ability.  Penetration  data 
obtained  at  0°  obliquity  follow: 

Penetration 

Rounds  Partial  Complete  Duds 

1-5  2  0  3 

0-10  4  1  0 

Alter  firing  the  first  5  rounds  with  poor  results, 
the  remaining  5  rounds  were  disassembled  in  an 
attempt  to  determine  the  causes  for  the  3  duds. 
Examination  of  the  fuzes  revealed  that  the  in¬ 
sulating  tape  between  the  rocket  body  and  the 
electrical  contact  was  defective  or  improperly  in¬ 
stalled,  or  had  moved  out  of  place  during  handling. 
New  tape  was  installed  and  though  the  PIBD 
T2030E2  fuzes  appeared  Id  function  properly  the 
penetrations  were  poor  for  the  second  lot  of  5 
rounds  tested.  The  flight  characteristics  of  all 
rockets  fired  were  good. 
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TO  DETERMINE  FUNCTIONING  AND  SAFETY 
OF  AMMUNITION  FOR  105-MM.  RIFLE, 
T137E1.  Bates  of  test:  Apr.  2-JuIy  16,  1952. 
62p.  lllus.  tables.  (Proi.  no.  TA1-1540;  Firing 
record  no.  P-S2705)  Coniidential 

Firings  were  conducted  to  determine  the  cause 
of  the  consistent  plate  failures  of  the  T138E57 
HEAT  round.  Laminated  steel  plate  targets  9 
and  12  in.  thick,  plaerd  at  obliquities  cl  0*  and 


60°  and  a  range  of  400  ft. ,  were  used  lo  test  the 
various  lots  of  ammunition.  X-rays  of  various 
rounds  failed  to  Indicate  that  the  tiller  loading 
was  at  fault.  Shells  were  disassembled  and 
defects  corrected,  but  poor  penetrations  still 
resulted.  No  better  results  were  obtained  when 
new  base  elements  were  installed.  On  modifying 
the  wall  thickness  of  the  T-cap  from  0. 10  to 
0.050  in. ,  improvement  in  performance  was  evi¬ 
dent.  However,  it  was  concluded  tliat  the  plate 
action  of  the  T13BE5T  round  is  not  equal  to  that 
of  the  T184E6  or  T119E1.1  rounds.  The  results  ol 
1  series  of  firings  at  homogeneous  armor  plat© 
(60°  obliquity)  at  a  range  of  400  ft.  follow: 


Round 

Rounds 

Horizontal  penetration  (In.) 

type 

considered 

Mean 

Max. 

Min. 

T110 

5 

15.0 

15.0 

14.  50 

T138E57 

5 

12.0 

13.25 

10.75 

T138E57 

a 

11.75 

12.50 

10.  50 

X128E57 

4 

>2.75 

15.0 

10.50  - 

Development  and  Proof  Services,  Aberdeen  Proving 
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TO  DETERMINE  THE  EFFECT  ON  PENETRA¬ 
TION  OF  A  CHANGE  IN  THE  THICKNESS  OF 
THE  COPPER  LINER  IN  THE  105-MM.  TUB 
STATIC  FIRING  DEVICE.  Date  of  test:  Apr.  15, 
1952.  2Gp.  lncl.  tables,  diagrs.  (Pro),  no. 
TA1-1540:  Firing  record  no.  P-51104) 

Coniidential 

Thirty  105-mm.  T118  HEAT  shells  with  3  dif¬ 
ferent  liner  thicknesses  (0. 120,  0. 110,  and 
0. 100  in.)  were  fired  statically  to  obtain  penetra¬ 
tion  data.  Ten  rounds  of  each  liner  thickness 
were  delonated  on  a  stack  of  1. 5-in.  target 
plates.  Measurements  were  made  of  the  depth 
of  penetration,  the  hole  volume,  and  entrance  and 
exit  diameters.  The  following  results  were 


obtained; 

Liner  thick¬ 

Average  pene¬ 

Average  hole 

ness  (in.) 

tration  (in.) 

volume  (cu.  in.) 

0.120 

17. 8D  ' 

5. 02 

0.110 

17.  78 

5.97 

0.100 

17.83 

6.28 

These  results  indicate  that  there  is  a  statistical 
correlation  between  ilner  thickness  and  volume, 
the  smaller  the  liner  thickness,  the  greater  the 
hole  volume.  However,  the  eflect  oi  liner  thick¬ 
ness  on  penetration  depth  is  not  evident  from  the 
data, 
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FUNCTIONING  AND  SAFETY  OF  CARTRIDGE, 
HEAT,  T118E18,  105-MM.  RIFLE,  T136E2. 
Dates  of  test:  Mav  5  and  6,  1952.  72p.  tncl. 
ilius.  tables.  (Proj.  no.  TA1-1540;  Firing  record 
no.  P-53397)  Coniidential 
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The  105-mm.  HEAT  rounds,  fitted  with  the 
PIBD,  T208E7  fuze  were  fired  against  a  target 
(60°  obliquity)  composed  oi  0  1.5-  in.  homo¬ 
geneous  armor  plates  to  obtain  penetration  data.' 
The  firing  data  follow; 


Number  of  rounds 

Penetration  (In.) 

10 

Mean  Max.  Min. 

10 

13- S  15.5  12-0 

8 

12.5  15.0  12.0 

12.7  15.0  ia.o^ 

•Fuze  failed  on  1  round 


L740 

Development  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TEST  OF  FUZE,  PIBD,  (T20B  SERIES), 
ASSEMBLED  TO  CARTRIDGE,  HEAT,  FS, 
90-MM. ,  (T108  SERIES),  by  F.  Mahan.  May 
27,  1052,  12Sy.  iUus.  tables.  (FroJ.  no. 
TA1-2702,  rept.  no.  2)  Conlidential 

90- mm.  HEAT-FS,  T108  series  rounds,  as¬ 
sembled  with  HBD  T208  series  fuzes,  were  fired 
against  various  armor  plate,  wood,  and  ground 
targets,  In  penetration  tests,  approximately  76% 
and  50%  of  the  rounds  fired  completely  penetrated 
5-ln.  and  G-ln.  armor  targets,  respectively,  at 
angles  of  obliquity  up  to  S0°.  The  remaining 
rounds  either  partially  penetrated  the  targets 
or  deflagrated  on  the  face  of  the  plate.  A  summary 
of  the  round-by- round  firings,  Including  target 
typo,  range,  angle  of  obliquity,  and  depth  of 
partial  penetration  in  In. ,  Is  given. 
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COMBINED  ENGINEERING  AND  ARMY  HELD 
FORCES  TESTS  OF  SHELL,  HEP,  T81E28 
AND  CARTRIDGE,  REAT-FS,  T131E31  FOR 
105-MM.  HOWITZERS  M2A1  AND  M4.  June  IS, 
1952,  62n.  inch  Ulus,  tables.  (Pro|.  no.  TA1- 
1528,  rept.  no.  2)  Secret 

Tests  were  conducted  to  determine  the  effective¬ 
ness  of  the  HEAT-FS,  T131F31  round  with  0.'  100- 
ln.  thick  liner  against  armor  plate  5  and  7  in. 
thick  ami  against  4-  x  5-  x  7-ft.  concrete  slab  tar¬ 
gets.  The  penetration  data  follow: 


I 

n 

in 

IV 

5 

7 

60 

5  of  5 

5 

7 

0 

3  of  5 

5 

7 

60 

5  of  5 

5 

7 

60 

3  of  4* 

5 

7 

60 

4  of  5 

5 

5 

70 

4  of  5 

4 

5 

75 

2  of  3« 

8 

7 

60 

4  of  5* 

•Fuze  failure,  targe',  misses, 

etc. 

1  = 

jjq(  q£  younds  fired;  II 

~Arr 

nor  thickness  (In.); 

HI 

=  Armor  obliquity  (°); 

IV  =  Complete  penetrations 

The  48-in.  thick  concrete  target  was  destroyed  by 
the  5  HEAT-FS,  T313E31  rounds  fired. 
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TO  COMPARE  THE  ARMOR  PENETRATION 
PERFORMANCE  OF  FOUR  GROUPS  OF  COP¬ 
PER  CONES  ASSEMBLED  IN  75-MM.  STATIC 
TEST  DEVICES  IN  CONNECTION  WITH  DESIGN 
OF  SHELL,  HEAT,  75-MM.  T22L  Date  oi 
test:  June  20,  1952.  25p.  Ulus,  tables.  (PioJ. 
no.  TA1-12B1:  Firing  record  no.  P-52142) 

Confidential 

Tests  were  conducted  on  4  groups  of  conical  Cu 
liners  which  differed  as  follows:  (A)  machined 
liner,  modified  from  a  50-tnm.  liner  with  a  sharp 
45"  apex  angle;  (3)  stamped  liner  of  good  quality 
with  a  sharp  45”  apex  angle;  (C)  stamped  liner 
of  fair  quality  (1.  e. ,  scratches  and  die  marks 
present)  and  a  45c  apex  angle:  (D)  machined  liner, 
modified  from  a  90-mm.  liner  with  a  spitback 
tube.  Each  group  was  dcloniled  statically  on  a 
stack  of  10  pieces  of  1.5-ln.  thick  homogeneous 
armor  plate.  Penetration  de,?,s  and  hole  volume 
data  for  the  4  groups  showed  mat; 


liner  Ave.  penetration  (In.)  Ave.  hole  vaL  (cu.  tn.J 


Group  (10  rounds)  (10  rounds) 

A  13.223  3.390 

B  12.778  3.166 

C  12.908  .3.267 

D  ->13.428  2.953 


*1  round  penetrated  all  plates  completely 

These  results  Indicated  that  the  machined  liners, 
both  the  45°  apex  and  snltback  tube  types,  gave 
slightly  better  penetration  than  stamped  liners 
having  a  45”  apex.  However,  the  3mall  differences 
in  average  penetration  of  the  4  liner  groups  are 
not  considered  to  be  signlllcant  because  of  the 
limited  number  tested  and  'he  variations  within 
groups. 
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DEVELOPMENT  TESTS  OF  ROCKET,  HEAT, 

2. 36- IN.  T59E3  AND  ROCKET,  PRACTICE 

2.36- IN.,  T60E3,  by  M.  T.  Smith.  Aug.  5,  1952, 

70p.  Ulus.,  tables,  dlagrs.  (Proj.  no.  TU2-1001A, 
rept.  no.  1)  Confidential 

The  2.35-in.  NEAT  rocket,  T59E3,  was  fired 
against  homogeneous  armor  plate  of  various 
thicknesses  to  determine  Us  penetration  charac¬ 
teristics.  A  summary  of  these  firings  follows: 
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Rounds  Ei«4ce>  .  ' 


tom p.  OCctarra  MtolYr.wfinaiteStA  w*.  cnraSitf«  fianm 

•  <,r>  *•>  Vi  t?')  0  ID 

m  A  TO  "  u  _ 


(Irad 

Comp. 

rn 

(in.) 

ID 

70 

4 

ID 

no 

3 

ID 

-sc 

0 

a 

70 

a 

0 

70 

1.23 

10 

70 

4 

10 

-to 

4 

IS 

no 

A 

10 

7C 

0 

za 

70 

it 

to 

TO 

:o 

-2C 

8.2 

10 

70 

0.3 

It  was  concluded  that  the  plate  penetration  charac¬ 
teristics  e!  this  rocket  can  be  improved  by 
fabrication  control  of  the  rocket  head  metal 
parts. 
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TO  DETERMINE  THE  EFFECT  ON  PENETRA¬ 
TION  BY  VARYING  THE  WALL  THICKNESS  OF 
THE  CONFINING  BODY  OF  STATIC  FIRING 
DEVICE  TO  SIMULATE  SHELL,  HEAT,  105-MM. , 
T184.  Date  of  test:  Aug.  5,  1952.  29p.  lncl. 
tables.  (Proj.  no.  TA1-1530;  Firing  record  no. 
P-52455)  Confidential 


This  study  was  undertaken  to  determine  the  effect 
on  shaped  charge  penetration  of  varying  the 
properties  of  the  confining  body,  all  other  factors 
remaining  constant.  Each  static  firing  device 
for  the  105-mm.  HEAT  shell,  T184,  was  placed 
upon  a  stack  of  17  homogeneous  steel  target 
plates,  1.  5-  x  8-in.  square,  and  detonated  In 
groups  of  10  using  Engineers’  Special  blasting 
caps  wired  In  series.  After  the  firings,  the  total 
amount  of  penetration  was  obtained  and  the  plate 
in  which  jet  terminated  was  determined.  In  some 
cases  the  plates  were  sectioned  to  verify  the 
exact  penetration  depth.  A  summary  of  these  firings 
at  8-3/8  in.  standoif  follows: 


Confining  body 
material  thickness  voL  cepm  Dn-  > 

(in.)  (cu.  In.) 

steel  .062  3  -  01  13. 7S 

«  .125  4.42  15.  C- 

"  250  5. 40  17.80* 

..  .375  5. 94  17.91** 

aluminum  .250  3.60  15.82 

*  Omitting  1  low  value  (14.  4  in.),  the  average  pene¬ 
tration  is  18. 18  in. 

.  •“  Omitting  1  low  value  (12. 7),  the  average  penetra¬ 
tion  is  18.48  in.  ' 


Ave.  hole  Ave.  penetration 


depth  (in. ) 


aluminum 


13.78 
15.  es 
17. 80* 
17.91** 
15. 82 


All  of  the  devices  lunctioned  satisfactorily.  A 
round-by-round  tabulation  of  the  firing  data  is 
given. 
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EFFECTIVENESS  OF  5-IN.  HEAT  ROCKET 
HEADS  WITH  ALUMINUM  AND  COPPER 
LINERS  AGAINJT  T26E4  AND  T20E5  TANKS,  by 
R.  L.  Huddleston.  Aug.  25,  1952,  123p.  Hhis. 
tables,  diagrs.  (Pro],  no.  TB3-122.4B,  rept. 
no.  4;  Armor  test  rept.  no.  AD-1151) 

Conildentlal 
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In  these  tests,  40  HEAT  charges  were  statically 
detonated  against  medium  tanks  and  against 
special  targets  such  as  containers  of  diesel  fuel 
and  live  90- mm.  AP  ammunition.  Sixteen  of  the 
charges  fired  possessed  the  following  character¬ 
istics: 


Charge  length:  12  In. 

Outside  diameter  cf  liner:  4.75  In, 
Explosive  charge:  10  lb.  Comp.  B. 
Liner  material:  Al  (9%  Hi) 

Liner  weight:  590  g. 

Liner  thickness:  0. 285  in. 

Liner  apex  angle:  42.  5° 

Standoff:  5  in. 


The  remaining  24  charges  were  Mk  25  Mod  1, 

5-in.  ATAR  rocket  heads  containing  conical  Cu 
liners  and  explosive  charges  of  approximately 
16  lb.  of  Comp.  B.  The  standdf  for  the  Cu  liner 
charges  was  5  In,  plus  that  distance  already  ^ 
built  into  the  rocket  head  for  the  nose  fuze.  Re¬ 
sults  of  the  test  firings  Indicated  tliat:  (1)  8  ol  9 
Al  liner  charges  and  11  of  15  Cu  liner  charges 
put  the  target  tanks  out  of  action;  (2)  i  i  must 
cases,  there  was  enough  tlast  general  cd  lo 
cause  rupture  of  the  eardrums  of  tank  personnel, 

(3)  against  diesel  fuel  containers  behind  plate; 

Al  and  Cu  liners  were  equally  effective,  producing 
violent  fires  If  detonated  below  the  fuel  level  and 
less  violent  fires  If  detonated  above  the  fuel 
level;  (4)  detonation  of  Al  and  Cu  charges  against 
live  ammunition  caused  e>rplonions  In  all  cases. 

It  was  concluded  that  the  damage  resulting  from 
the  Al  liner  charges  was  not  appreciably  different 
from  that  produced  by  charges  with  Cu  liners. 
However,  it  was  noted  that  the  Cu  liner  charge 
possessed  more  penetrating  power  than  the  Al 
liner  charge  at  the  standoffs  used  In  these  firings. 
The  Al  liner  gave  a  larger  entrance  hole  In  armor 
up  to  a  5-  or  6-lr..  thickness;  above  this  thickness, 
the  hole  size  decreased  rapidly  and  the  performance 
of  the  Al  liner  jet  Inside  the  tank  resembled  that 
of  a  much  smaller  charge,  e.  g.  the  3. 5- in.  HEAT 
rocket. 
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COMBINED  ENGINEERING  AND  SERVICE 
BOARD  TESTS  OF  AMMUNITION  FOR  THE 
105-MM.  BAT  RIFLES.  Dates  of  test:  Sept.  19, 
1952-May  14,  1953.  29p.  ir.cl.  tables.  (Proj. 
no.  TA1-1540;  Firing  record  no.  P-56003) 

Confidential 
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Firings  ol  the  T119E8  and  T138E57  HEAT  shello 
from  the  T 13733  ritle  and  of  the  T184E  HEAT 
shea  from  the  T170  rifle  were  made  U>  determine 
their  armor  penetrating  ability.  The  testa  were 
conducted  against  various  target  combinations  of 
homogeneous  steel  plates  at  different  tempera¬ 
tures  and  ranges.  In  the  firings  at  400  It. ,  tho 
average  penetration  ol  the  T119E8  round  for  oil 
temperatures  was  17-1/8  In.  lor  the  T1B4EG, 

15.0  in.,  and  for  the  T133ES7,  12. 5  In.  As  In¬ 
dicated  In  the  firing  summary  below,  the  T119E0 
round  gavo  the  deepest  average  penetration  to 
every  phase  except  that  fired  at  0  plate  obliquity: 

Phase  Penetration' (in.) 

T184E6  T119E3  T138E57 
AH  rangeBfr  obliquities  15-1/2  16-1/10  12-2/5 

All  1000-yd.  Hr  Inga  15-1/4  15-2/5  11-1/5 

All  500-yd.  firings  15-1/10  16-3/8  13-5/8 

All  60°  plate  obliquities  15-3/4  18  12-3/4  • 

All  SO1  plateobliqultles  14-1/5  15-7/8  11-3/8 

All  0°  plate  obliquities  IB-2/5  16-3/B  13-1/0 

TheBe  data  Indicate  that  the  penetrating  abUily  ol 
the  T119E8  and  the  T184E6  rounds  are  comparable, 
with  the  T119E8  giving  a  slightly  better  perform¬ 
ance;  the  T138E57  round  consistently  gave  the 
least  penetration.  A  round-by-round  assessment  cd 
the  firings  is  included. 
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ENGINEERING  TESTS  OF  CHINESE  87-MM., 
HEAT  ROCKET,  by  G.  D.  Sanford.  Dec.  12,  1952, 
23 p.  lllus.  tables.  (Proj.  no.  TB3-0035,  rept. 
no.  8)  AD -5830  Confidential 

Teats  were  made  to  determine  the  penetration 
and  performance  characteristics  of  the  spin- 
stabilized  B7-  mm.  HEAT  rocket  (Chinese).  The 
head  assembly  of  this  shoulder-fired  weapon  con¬ 
tains  1.70  lb.  of  TNT  and  2  hot-rolled  steel 
cones  positioned  with  the  apex  of  each  coco 
pointing  toward  the  rear  of  tho  head.  The  cone  in 
frost  of  the  explosive  charge  lias  a  hole  In  the 
apex  and  a  small  diameter  sheet  metal  tube  Is 
welded  to  the  cone  at  this  point;  in  the  rear  of  the 
explosive  charge  is  a  truncated  cone  which  prob¬ 
ably  serves  to  conserve  the  explosive  material. 

A  fuze  of  the  point-initiated,  spit-back  type  la 
used.  In  static  firings  against  12-to.  homogeneouo 
armor  plate,  3  rounds  penetrated  an  average  of 
4.33  in.  At  a  range  of  150  ft.,  the  penetration  of 
2  rockets  fired  at  5. 75-tn.  homogeneous  plate 
at  0°  obliquity  averaged  3.  8  in.  Further  test 
firings  at  l!:0-it.  range  gave  the  following  results: 


No.  of  rounds 
considered 

Target 
(homogeneous 
armor  plate) 

Obliquity 

Ave.  pene¬ 
tration 

8 

5. 75  to. 

0” 

3.75  to. 

s 

3.0  in. 

45°  ■ 

3.75  in. 

\ 

3.0  to. 

60' 

3.75  in. 

_  -a  O  A  _  —  — 

The  spin  rate  for  5  rockets  observed  was  131  r.  p.  a. 
In  graze  Impact  test3,  3  of  5  rockets  functioned  to 


high  order.  From  these  tests,  It  was  concluded 
that  the  Chinese  07-mrc.  HEAT  Bhnped  charge 
tocket  la  Inferior  to  all  173  rockets  of  comparable 
caliber  and  type  to  accuracy  and  armor  plate 
penetrating  characterintfca.  • 
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TEST  OF  CARTRIDGE,  HEAT,  105-MNL 
T13IE31,  TO  ESTABLISH  RELIABILITY  OP 
FUNCTIONING  AND  TO  DETERMINE  THE 
PENETRATION  OF  THE  ROUND  WHEN  FIRING 
AGAINST  HOMOGENEOUS  ARMOR  PLATE.  ■ 

Date  of  test:  Dec.  2B,  1052.  Ep.  Ulus,  table. 

(Prof.  no.  TA1-1523;  Firing  record  no.  P-54521) 

Confidential 

The  T131E3!  HEAT  test  rounds  were  fired  from 
an  M2A1  105-ram.  howitzer  at  a  range  of  403  ft. 
against  a  7-in.  homogeneous  armor  plate  (BrineU  _ 
Hardness  no.  270)  set  at  60°  obliquity.  A  summary 
of  the  firings  follows: 

Rounds  Complete  Partial 

considered  penetrations  penetrations 

17  12  5  (ave.  10. 25  in.) 

Photographs  cf  the  Impacts  of  all  rounds  against 
the  target  Indicated  that  detonation  occurred  when 
the  nose  was  crushed  only  1  or  2  to, 
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SHAPED  CHARGES  AND  RELATED  SUBJECTS: 

A  BIBLIOGRAPHY  OF  ABERDEEN  PROVING 
GROUND  FIRING  RECORDS,  byK.  M.  Crawford. 
[IP53,  77p.]  Secret 

Approximutely750  Aberdeen  Proving  Ground  firing 
records,  ranging  in  time  from  about  1942  to  1952, 
are  Included  in  thi3  bibliography.  The  references 
are  arranged  by  firing  record  number  and  cover 
the  following  subjects:  Ammunition,  foreign; 
Bombs,  shaped  charge;  Cartridges,  HEAT; 
Charges,  shaped;  Grenades,  HEAT;  Projectiles, 
HEAT;  Rockets,  HEAT;  and  ShcUs,  HEAT.  . 
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DEVELOPMENT  OF  FUZE,  BD,  T165E3  AND 
T165E5,  by  S.  S.  Sine.  Jan.  9,  1953,  86p. 
tables.  (Proj.  no.  TA1-2702,  rept.  na.  3;  Proj. 
no.  TA1-2537B,  rept.  no.  1)  AD-8750 

Confidential 

75-mm.  HEAT  77160  rounds,  assembled  with  BD, 
T165ES  and  T165E5  fuzes,  were  fired  against 
homogeneous  armor  plate  targets.  The  results  of 
these  firings  using  the  M1A1  howitzer  against 
3 -to.  armor  plate  foUow: 
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'  ■  •  Penetration 

No.  of  rounds  Obliquity  Complete  Partial 

10  0"  10 

.  2  ,  0*  .2 

2  55“  —  — 

8  45“  2  0 

2  45°  2 

ie  i-i  .  .f.  ■  . .  ~  . 
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PLATE  FUNCTIONING  OF  FUZE,  PIBD,  T224, 
ASSEMBLED  TO  SHELL,  HEAT-FS,  T188E2, 
57-MM.  RIFLE,  M18,  AMMUNITION  LOT 
PA-E-I1544.  Dates  of  test:  Jan.  12-15,  1953. 
9p.  Incl.  tables.  (Froj.  no.  TA1-2702;  Firing 
record  no.  P-54731)  Confidential 

HEAT-FS,  TI88E2  rounds  were  fired  against 
laminated  homogeneous  armor  plate  targets  at 
obliquities  of  0°  and  65°  (l.e. ,  25°  from  the  hori¬ 
zontal).  A  summary  of  these  firings  follows: 

Rounds  Plato  Penetration 

thickness  obliquity  complete 

3  7  In.  0°  3 

effect,  thick,  obliquity  average 
6  1C.  5  in.  G5°  B.  25  la, 


No  plates  were  sectioned. fo  determine  the  exact  ’ 
penetration. 
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FIRINGS  TO  DETERMINE  THE  .FUNCTIONING 
CHARACTERISTICS  OF  FUZE,  PIBD,  T277, 
ASSEMBLED  TO  CARTRIDGE,  HEAT,  BO-MM., 
T108E4.  Date  of  test:  Jan.  29,  1953.  lOp.  incl. 
tables.  (Pro),  nc.  TA1-2702;  Firing  record  no. 
P-55331)  Confidential 

Test  firings  of  the  HEAT  round,  T108E40  were 
conducted  against  5’  In.  and  12-ln.  homogeneous 
armor  plate  targets.  The  firing  data  follow: 


Rounds  Target  Penetration 

considered  obliquity  thickness  complete  partial 
4  0“  12  in.  3  1  (ave.  7. 51n.) 

3  61°  5  in.  2  1  (ave.  7. 51n.) 

The  remaining  5  rounds,  modified  by  Installing 
plastic  Inner  ogives,  gave  4  complete  penetrations 
when  used  against  a  5-in.  armor  target  at  61° 
obliquity.  One  round  deflagrated  on  the  target 
plate. 
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TEST  OF  FUZE  PIBD,  T199  AND  FUZE  PIBD, 
T208E7,  ASSEMBLED  TO  CARTRIDGE  HEAT- 
FS,  (COMP.  B)  T184E0,  FOR  105-MM.  RIFLE, 
T170,  AMMUNITION  LOTS  PA-E-11748  (T199) 
AND  PA-E-1174B  (T208E7).  Dates  of  test; 

Feb.  12  and  Apr.  15,  1953.  Op.  illus.  tables. 
(ProJ.  no.  TA1-2702;  Firing  record  no.  P-55620) 

Confidential 

In  plate  penetration  tests  using  2  different  fuzes 
with  the  HEAT-FS,  T184E6  round,  firings  were 
made  at  a  range  of  300  ft.  and  60°  obliquity 
against  homogeneous  armor  plate  targets  compos  so 
of  a  6-ln.  and  a  1. 5-ln.  plate.  A  summary  of  the 
firings  follows:  .  •-  \ 

T199  Fuze  ., 

Rounds  Penetration 

considered  complete  partial  avo. 

8  5  3  .  10. 7  in. 

T203E7  Fuze  , 

i  -  5  •_ 

The  fuze  function  times  of  both  groups  of  shells, 
measured  by  smear  camera  techniques,  were  al¬ 
most  the  same.  :  • 
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DEVELOPMENT  OF  SHELL,  HEAT,  120-MM., 
T153  SERIES,  FIRINGS  TO  CONFIRM  PREVIOUS 
ACCURACY  RESULTS  OF  SHELL,  T153E8A 
AND  TO  DETERMINE  FUZE  FUNCTIONING  AMD 
PENETRATION  CHARACTERISTICS.  DateB  of 
lest:  Mar.  12-Aug.  18,  1953.  24p.  incl.  illus. 
tables.  (Pro),  no.  TA1-1602;  Firing  record  no. 
P-57038)  Confidential 

In  the  plats  penetration  phase  of  the  tests,  the 
120-mm.  HEAT  shell,  T153E8,  was  fired  ■  1 

against  a  homogeneous  armor  target  composed  of 
a  6-In.  plate  (Brlnell  Hardness  no.  261)  and  a  ■ 

2 -h,.  plate  (Brlnel!  Hardness  no.  285)  at  60“'  '■ 
obliquity  and  a  range  of  400  It.  All  5  rounds 
completely  penetrated  the  ?-ln.  plate,  1  round' 
completely  penetrating  both  plates.  The  target 
plates  were  not  clamped  together.  Examination 
revealed  that  the  flaring  made  by  the  e^it  of  the 
jet  from  the.C-in.  plate  was  considerably  flattened 
out,  Indicating  that  the  plate  jumped  upon  Impact 
of  each  round.  This  may  account  for  the  fact  that 
all  of  the  rounds  did  not  completely  penetrate  both 
plates.  Fastan  photographs  of  Ihe  projectile 
ctriklng  the  target  and  Smear  camera  functioning 
times  were  obtained. 
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DEVELOPMENT  OK  FUZE  PI,  T209E3  FOR 
SHELL,  HEAT-FS,  TI08E45,  LOT  PA-E-11973. 
Date  of  test:  Mar.  13,  1953.  [3]p.  (FroJ.  no. 
TA1-2702;  Firing  record  no.  P-55812) 

Confidential 


ment  were  vulnerable  to  attack  by  these  rockets; 
and  (3)  a  high  degree  of  protection  was  offered  cy 
fenders,  stowage  boxes,  and  suspension  com¬ 
ponents  on  the  tank  targets,  it  wa3  recommended 
that  the  rockets  should  be  equipped  with  fuzes 
similar  to  the  90-mm.  HEAT  T108  round  to  insure 
faster  jet  formation  than  was  evidenced  in  these 
tests.  Round-by-round  assessments  ol  the  firings 
are  inclu.'sd  in  an  appendix. 


HEAT-FS  rounds,  T108E45,  fitted  with  PI  fuze 
T209E3,  were  fired  against  rolled  homogeneous 
armor  targets  at  obliquities  of  0°  and  55°,  range 
300  yd.  A  summary  of  the  firing  data  fellows: 

Rounds  Target  Penetration 

considered  obliquity  thickness  complete  partial 
14  55°  5  in.  13  1 

14  0°  10  in.  11  2 

vm 
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PLATE  FUNCTIONING  OF  FUZE,  PIBD,  T224, 
ASSEMBLED  TO  SHELL,  HEAT-FS,  T188E10, 
57-MM.  RIFLE,  M18,  AMMUNITION  LOT 
PA-E-12385.  Date  of  test:  May  1953.  14p.  ind. 
tables,  dlagrs.  (Pro),  no.  TA 1-2702;  Firing 
record  no.  P-56207)  Confidential 
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FUZE  TEST  OF  CARTRIDGE,  HEAT,  T119E11 
AND  T138E57,  105-MM.  RIFLE,  T137E3 
AGAINST  PLATE  AND  FOR  PREMATURE 
FUNCTIONING.  Dates  of  test:  Mar.  30-Apr.  2, 
1953.  Gp.  tables,  dlagrs.  (Proj.  no.  TA1-2702; 
Firing  record  no.  P-55741)  Confidential 

Included  In  the  test3  were  firings  conducted  at 
various  angles  of  obliquity  against  6-ln.  homo¬ 
geneous  steel  plate  targets  located  400  ft.  from 
the  T137E3  rifle.  A  summary  of  these  firings 


follows: 

.  Shell 

Rounds 

Obliquity 

Penetration 

type 

T138E47 

5 

0* 

complete  partial 
5 

T13BE47 

20 

60.  5“ 

8  10 

T119EI1 

8 

B4.  5° 

7  - 

Penetration  tests  were  made  against  homogeneous  • 
steel  targets  composed  Qf  a  4-in.  and  3  1.  E-ia. 
plates  at  obliquities  of  0°  and  64°,  range  400  ft. 
The  results  of  these  tests  follow: 


Rounds 

fired 

5 

19 


Target  Penetrations 

obliquity  complete  partial  ave. 

0°  3  2  8. 4  In. 

64°  5  5  8.  Sin. 


All  rounds  fired  at  the  normal  plate  (0°  obliquity) 
functioned  high  order  tn  produce  satisfactory 
penetrations.  However,  only  10  out  of  19  lired  at 
the  inclined  target  plate  gave  satisfactory  penetra¬ 
tions.  It  is  believed  that  the  "lucky"  was  net 
compressed  properly  on  plate  impact  at  64° 
obliquity. 
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VULNERABILITY  OF  T2GE4  TANKS  TO  ATTACK 
BY  2.75  IN.  AND  8-CM.  HEAT  AIRCRAFT 
ROCKETS,  by  T.  K.  Brace  and  A.  Fillersdorf. 

Apr.  29,  1953,  107p.  illus.  dlagrs.  (Pro),  no. 
TB3-0228,  repi.  no.  1;  Armor  test  rept.  no. 
AD-1166)  Conlidential 

The  2. 75-ln.  folding-iin  aircraft  rocket  (FFAR) 
and  the  Swiss  (Oerlikon)  8-cm.  aircraft  rocket 
(fln-and  spin-stabilized,  weight  of  explosive  ,921b. , 
maximum  velocity  at  70°  F  2130  ft.  /sec.)  were 
fired  from  a  F84  lighter  to  determine  their  terminal 
ballistic  performance  against  stationary  T26E4 
tanks.  3oth  of  these  HEAT  rockets  contained 
Impact,  point- initiating,  base-detonation,  spit- 
back  fuzes.  Cf  the  225  FFAR  rounds  fired,  32  were 
hits,  14  put  the  tank  out  of  action  and  2  of  these 
were  fire  kills.  Of  the  192  Oerlikon  rounds  fired, 

39  were  hits,  14  pul  the  tank  out  of  action  and  2 
resulted  in  fire  kilis.  From  analysis  ol  the  data  it 
was  concluded  that:  (1)  there  was  no  significant 
difference  between  the  2  types  cf  rounds;  (2)  specific 
components  on  the  turret  top  and  engine  compart- 


Develnpment  and  Proof  Services,  Aberdeen  Proving 
Ground. 

TO  COMPARE  THE  EFFECTS  OF  MODIFIED 
AND  STANDARD  3. 5-IN.  HEAT  ROCKET  HEADS 
AGAINST  EXISTING  ARMOR.  Dates  of  test: 

May  ?,5-June  5,  1953.  9p.  ind.  table.  (Firing 
record  no.  Ar-19301)  Confidential 

Thirty  3.  5-in.  HEAT  rockets,  M28A2,  were  fired 
against  2  T26E5  target  tanks  having  C  in.  of  armor 
at  45°  on  the  upper  front  slope  of  the  hull.  Witness 
plates  of  20  gauge  steel  were  positioned  within  the 
hull  at  distances  from  3  to  18  in.  behind  the  frontal 
armor.  Fifteen  of  the  rounds  fired  were  modified 
by  adding  a  machined  AI  sleeve  over  the  Cu  liner. 
The  firing  data  follow: 


Type 

I 

H 

HI 

1st  modified 

3 

2 

0 

2nd  modified 

12 

8 

8 

Standard 

(Lot  no.  M-A-26) 

15 

10 

7 

*P]ates  were  not  used  In  this  firing 
I  =  number  fired;  H= number  penetrating  tank;  IQ  num¬ 
ber  penetrating  witness  plates. 
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It  was  concluded  that  there  was  no  appreciable 
difference  In  the  damage  caused  by  the  standard  or 
modified  rounds  within  the  target  hull.  A  rouncJ-by- 
round  assessment  of  the  firing  data  is  Included. 
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TEST  OF  ROCKET,  ANTITANK,  73-1VHV?.  r 
FRENCH,  MODIFIED.  June  1,  1953,  27p.  illus. 
tables.  (Proj,  no.  TU2-8B,  rcpt.  no.  2) 

Secret 

Tests  were  conducted  to  determine  the  over-all 
characteristics  of  the  modified  French  73-mm. 
antitank  rocket  including  penetration  ability,  fuze 
arming  distance,  and  burnout  distance.  Eighteen 
HEAT  rockets  of  this  type  when  fired  against 
homogeneous  plate  to  determine  their  penetration 
characteristics  at  300-ft.  range  gave  the  following 


results: 
No.  of 

Plate 

Plate 

No.  of  complete 

rounds 

obliquity 

thickness  (in.) 

penetrations 

5 

0’ 

12 

4 

3 

O’ 

12 

2 

3 

0‘ 

12 

1 

3 

45‘ 

6 

3 

4 

60° 

6 

4 

R  was  concluded  that  the  fuze  of  the  modified 
French  73-mm.  rocket  does  not  arm  below  10-ft. 
range,  that  the  modified  rocket  burns  out  visually 
between  2. 5  and  3  ft.  from  the  muzzle  at  70°F,  and 
that  this  rocket  Is  not  otherwise  appreciably  dif¬ 
ferent  from  the  original  racket  tested  (item  no. 
L726). 
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STATIC  PENETRATION  TEST  OF  SHELL, 

HEAT,  120-MM.  Tlb3  TO  DETERMINE  DEPTH 
OF  PENETRATION  AND  RELATIVE  EFFECTIVE¬ 
NESS  OF  TWO  TYPES  OF  CONES.  Dates  of 
test:  June  9  and  10,  1953.  12p.  fuel,  tables. 

(Proj.  no.  TA1-1602;  Firing  record  no.  P-565S0) 

Confidential 

Static  firing  tests  were  made  using  steel  and  Cu 
liners  against  homogeneous  armor  plates  of 
Brinell  Hardness  nos.  248  to  311,  1. 0  to  1.5  In. 
thick,  stacked  to  a  height  of  approximately  2E  in. 

A  summary  of  the  7  rounds  fired  at  8-ln.  standoff 
follows: 

Type  shell  Liner  material  Ave.  penetration 
T153ST-1  steel  14. 152  in. 

T153ST-2  Cu  22. 5SB  in. 

The  steel  liner  shells  produced  metal  splashing 
about  14  in.  In  diameter  around  the  holes  between 
each  pair  of  plates  penetrated;  approximately 
50%  less  metal  splashing  was  obtained  from  the 
Cu  liner  shells.  In  every  Instance,  the  metal 
slugs  followed  the  jet  through  the  target,  joining 
from  3  to  5  plates  together.  Cu  liner  slugs 
measured  6.25  In,  to  8.  5  In.  In  length;  the  steel 
liner  slugs  were  approximately  3  to  5  in.  In  length. 
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BALLISTIC  CHECK  OF  CARTRIDGE  HEAT, 
T184E12,  10G-MM.  RIFLE,  T170EI,  LOT 
PA-E-12G57.  Date  of  test:  June  10,  1953.  4p. 
ind.  table.  (Proj.  no.  TA1-1510;  Firing  record 
no.  P-56883)  Confidential 

Eight  rounds  of  the  TI84EI2  projectile  were  Area 
against  a  target  composed  of  A  1.5-in.  armor 
plates,  at  65s  obliquity  and  a  range  of  300  ft.  In 
all  cases,  complete  penetration  of  3  plates  was 
obtained  (10.7  in.)  with  partial  penetration  of  the 
fourth  plate.  All  rounds  functioned  satisfactorily. 
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VULNERABILITY  OF  TANKS:  3.  5-1N.  HEAT, 
90-MM.  AP,  105- MM.  HEP  PROJECTILES  VS. 
HCR2  COATING  ON  T2G  TANKS,  by  T.  K.  Bruce. 
June  23,  1953,  4op.  lncl.  illus.  diagrs.  (Prcj. 
no.  TB3-1224B,  rept.  no.  6;  Armor  test  rept.  no. 
AD-1179)  Confidential 

Ten-ln.  and  14-in.  thick  protective  coatings  of 
KCR2  (86%  Lilesville  gravel,  10.  5%  asphalt,  and 
3.  5%  wood  flour)  were  mounted  on  the  upper  and 
lower  glacis  plates  of  2  tanks  for  tests  against 
HEAT,  AP,  and  HEP  projectiles.  Twelve  of  the 
13  3.  5-in.  HEAT  rockets  fired  defeated  the  HCRZ. 
The  deepest  penetration  of  the  tank  armor  by  the 
jet  from  the  HEAT  rounds  was  6. 75  in.  after 
passing  through  the  10-in.  thick  HCR2  coating. 
Similar  results  were  obtained  with  the  AP  and 
HEP  rounds.  It  was  concluded  that  the  use  of 
HCRZ  as  a  protective  means  for  tanks  was  not 
feasible.  Round-by- round  assessments  of  the 
firings  are  given  in  appendixes. 
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FIRST  AND  FINAL  REPORT  ON  FRAGMENTA¬ 
TION  OF  BOMB  HEAT,  FRAGMENTATION, 
T57E1,  by  3.  P.  Wlllan.  July  20,  1953,  [I38]p. 
incl.  illus.  tables.  (Proj.  no.  TA2-2051,  rept. 
no.  1)  Confidential 

The  HEAT  bombs,  Types  A  and  B,  were  composed 
of  a  shaped  charge  ol  1.35  lb.  of  Comp.  B  con¬ 
tained  in  a  bomb  seclion  5.  80  in.  in  length  to  which 
was  attached  an  ogive  (standoff)  about  2.  5  in.  long. 
Type  A  bombs  differed  from  Type  B  bombs  In  that 
.  093  wire  (the  same  size  as  that  used  on  the  M20 
hand  grenade)  was  wrapped  around  the  explosive 
charge  for  a  distance  of  about  3. 75  in.  Fragmenta¬ 
tion  tests  were  conducted  on  5  of  ‘he  bomb  heads, 
i  of  Type  A  and  1  of  Type  B,  in  a  wood  panel  setup 
consisting  nf  2  semicircular,  horizontal  arcs  pf 
1-In.  dressed  ponderosa  pine  boards  9  ft.  in  length. 
From  these  panels,  size  and  effectiveness  of  Die 
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fragments  and  their  distribution  or  spatial  pattern 
■were  determined.  Perforation  and  penetration  data 
for  the  pine-panel  target  folio's:. 


Type  of 

(20-ft-  radius) 
Perforations  Penetralionn 

Total  hits 

round 

A 

242 

277 

“510 

B 

2ft 

313 

■405 

A 

(4ff-ft.  radius) 

Ui  21ft 

“36ft 

B 

25 

173 

190 

“Type  A  data  (average  of  4  rounds) 

Tho  Type  A  shaped  charge  bomb  gave  an  average 
perforation  density  of  3. 12/sq.  it.  at  20  ft.  and 
0. 39/sq.  ft.  at  40  ft:  It  was  concluded  that  this 
bomb  would  cause  personnel  casualties  within 
38.7  it.  of  the  point  of  detonation.  Front  the  Type 
B  shaped  charge  bomb,  an  average  perforation 
density  of  0. 55/sq.  ft.  at  20-ft.  and  C.  C3/sq.  IL 
at  40  ft.  was  obtained.  Results  of  these  limited 
tests  indicate  that  the  Type  B  tomb  is  51%  an 
effective  as  the  Type  A  bomb  as  aa  antipersonnel 
■weapon. 
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TEST  OF  FUZE,  PEBD,  T224,  ASSEMBLED  TO 
SHELL,  HEAT-FS,  T188E10,  57-MM.  RIFLE, 
M18,  LOT  PA-E-1377  AGAINST  NORMAL 
PLATE.  Dates  of  test:  Aug.  17-26,  1953.  lOp. 
incl.  tables.  (ProJ.  no.  TA1-2702;  Firing  record 
no.  P-57073)  Confidential 

The  tests  were  made  against  a  homogeneous  steel 
target  composed  of  a  6-ln.  and  2  1. 5 -In.  plates 
at  0°  obliquity  and  a  range  of  400  ft  A  summary 
of  these  results  follows: 

Rounds  Penetrations  Failed 

eomp.ete  partial 
16  .8(9. 1  in.)  3(8.361n.)  S 

Recovered  shaped  charge  liners  and  parts  of  tho 
fuze  base  elements  from  the  5  rounds  which  gave 
no  penetration  Indicated  that  these  shells  received 
no  fuze  Initiation. 
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BALLISTIC  TEST  TO  DETERMINE  THE  EF¬ 
FECTIVENESS  OF  STEEL  SPIKES  IN  DE¬ 
FEATING  THE  SHAPED  CHARGE  ATTACK  OF 
THE  CARTRIDGE,  HEAT,  T184E3,  WITH 
FUZE  PIBD,  T208E7  FOR  105-MM.  RIFLE 
M27,  by  W.  B.  Frye  and  W.  C.  Pleas.  Aug. 

25,  1953,  30p.  lllus.  diagrs.  (Pro),  no. 
TB3-1224B,  rept.  no.  7;  Armor  test  rept.  no. 
AD-1182)  AD-24  146  Coulldentlal 

Tests  were  made  usL-.g  fin-stabilized  105  mm. 
HEAT  cartridges  to  determine  the  effectiveness 


of  steel  spikes  mounted  on  2-ln,  hemogeneouo 
armor  plate  In  defeating  shaped  charges.  Tho 
7.  5-in. ,  8-in. ,  and  8.  5-ln.  spikes,  arranged  so 
that  no  2  spikes  of  equal  length  were  adjacent, 
were  spaced  2.  5  in.  from  center  to  center.  Of  the 
20  rounds  fired  against  spiked  and  unspiked  armor 
at  0’  and  60°  obliquity,  only  3  malfunctioned.  In 
addition,  ft  was  observed  that:  (1)  projectile 
detonation  at  the  target  caused  many  of  the  spikes 
to  become  secondary  projectiles  and  thus  a  source 
of  danger  to  supporting  Infantry;  (2)  the  spikes, 
themselves,  would  be  a  hazard  to  the  vehicle, 
crews;  (3)  mounting  of  spikes  on  an  armored 
vehicle  would  be  difficult  because  of  the  welding 
of  the  studs  to  which  the  spikes  are  attached;  and 
(4)  the  weight  of  spikes,  4G.6  lb./sq.  ft. ,  would 
he  prohibitive  for  a  complete  vehicle.  Thcreforo 
It  was  concluded  that  this  means  or  defeating 
s"ped  charges  was  Inai’iectiVp.  A  roued-by-round 
assessment  of  the  firing  data  is  given  in  an 
appendix, 
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DEVELOPMENT  OF  CARTRIDGE,  HEAT,  . ' 
90-MM.,  T108E4C.  FIRINGS  TO  ESTABLISH 
ACCURACY  AND  PLATE  PERFORMANCE  OF 
ROUNDS  MANUFACTURED  TO  THE  FINAL 
ORDNANCE  DRAWINGS.  Dates  of  test:  Sept,  1- 
3, 8,  and  17,  1953,  22p.  lllus.  tables.  (ProJ. 
no.  TA1-1451;  Firing  record  no.  P-57206) 

Confidential 

Since  very  poor  flight  characteristics  were  ob¬ 
tained  during  Ihe  accuracy  firings,  only  10  rounds 
of  the  90-mm. ,  T108E40  projectile  were  tested 
for  plate  performance.  The  rounds  were  fired  at 
a  range  of  373  ft.  against  a  6-ln.  homogeneous 
armor  plate  (Brinell  Hardness  no.  285-293)  set 
at  an  angle  of  obliquity  of  60°.  Tea  completo 
penetrations  were  obtained. 
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FIRST  REPORT  ON  GRENADE,  RIFLE,  HEAT, 
T37E4  WITH  FUZE,  GRENADE,  T1014E1,  by 
R.  A,  Clark.  Oct.  19,  1953,  46p.  Incl.  tables, 
diagrs.  (Proj.  no.  TA3-5911,  rept.  no.  1) 

Confidential 

Tesls  were  conducted  to  obtain  penetration  per¬ 
formance  data  and  flight  characteristics  of  the 
T37E4  HEAT  rifle  grenade  for  comparison  with 
the  HEAT  rifle  grenade  T41  and  the  practice 
grenade  T42.  Two-hui.dred  six-four  rounds  of  the 
T37E4,  a  fin-stabilized  grenade  having  a  2. 5-ln. 
conical  Cu  liner,  a  shaped  charge  c!  0.78  lb.t  and 
a  diameter  of  2.  02  in.  at  Ihe  ogive,  were  fired 
against  laminated  armor  plate  at  a  range  of  50  ft. 
Penetration  data  follow: 
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Grenade 

Rounds 

Target 

Obliquity 

Ave.  penetration 

T37E4 

12 

12-in. 

0‘ 

9.  5- in. 

T41 

15 

12-in. 

0° 

7.9-in. 

T37E4 

5 

T-tn. 

33° 

R.T-bt.5’' 

T41 

4 

7-ln. 

55° 

8. 9-in. 

'  T37E4 

6  • 

7-in. 

50° 

8.9-in. 

T41 

8 

7-ln. 

50° 

8.0-in. 

•Excludes  1  round  With  a  3. 1-tn.  penetration 

From  the  tests  It  was  concluded  that:  (a)  tho 
T37E4  grenade  was  more  stable  In  flight  than  the 
T42  grenade;  (b)  the  penetration  effectiveness  of 
the  T37E4  ani  the  T4l  ottered  no  significant 
differences,  the  T37E4  being  superior  at  50° 
obliquity  and  Inferior  at  53°  obliquity;  (c)  the 
performance  of  the  T1014E1  fuze  was  not  dependable, 
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Development  and  Proof  Services,  Aberdeen  Proving 
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DEVELOPMENT  TESTS  OF  ROCKET,  HEAT, 

3.  5-IN. ,  T205E1,  AND  ROCKET,  PRACTICE, 

3.5- IN. ,  T206  AND  T206E1,  byB.  B.  McGlqthlln. 
Dec.  3,  1953,  129p.  illus.  tables,  dlagrs.  (ProJ. 
no.  TU2-1015A,  rept.  no.  1;  Army  project 

.  no.  517-17-015)  AD-28  989  Confidential 

3.5- ln.  HEAT  rockets,  T205E1,  fitted  with  PIBD 
rocket  fuze,  T2D30E2,  were  fired  into  homo¬ 
geneous  armor  plate  to  obtain  plate  penetration 
data.  This  solid  propellant,  ftn-stabiUzed,  armor¬ 
piercing  rccket  contains  1.  5  lb.  of  Comp.  B  and 
utilizes  the  shaped  charge  principle.  A  summary 
of  the  firings  follows: 


1 

n 

ITT 

TV 

V 

71 

28 

0° 

12  in. 

15 

13 

10.8  in. 

0 

0° 

12  in. 

7 

2 

11. 9  In. 

10 

0° 

12  in. 

3 

2 

9. 0  in. 

IB 

00.3° 

6  in. 

8 

9 

9.3  in. 

10 

60.3° 

Bin. 

5 

5 

8.7  In. 

9 

60.3° 

Gin. 

3 

8 

9. 4  in. 

10 

59.7° 

5  In. 

iO 

D 

9 

69.8° 

5  in. 

4 

5 

9. 9  in. 

10 

29.7° 

10  in. 

8 

2 

9.7  in. 

1  = 

rounds  fired; 

II  =  target  obliquity;  m 

•target 

thickness;  IV  =  complete  penetration;  V  =  partial 
penetration;  VI=average  penetration 

It  was  observed  that  the  3.  5-in.  HEAT  rocket, 
T205E1,  with  PIBD  Tuze  T2030E2  completely 
penetrated  a  12-in.  homogeneous  armor  plate 
target  at  0°  obliquity  65%  of  the  time,  a  6-ln. 
armor  plate  target  at  60°  obliquity  45%  of  the  time, 
and  a  5-in.  armor  plate  target  at  60°  obliquity 
100%  of  the  time. 
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[FRENCH  ANTITANK  MISSILE,  SS10],  by 
M.  E.  Bonnett.  Feb.  10,  1954,  Op.  illus.  tables, 
diagrs.  (ProJ.  no.  TL'1-2050,  Memo.  rept. 
no.  8)  Secret-,not  releasable 

to  foreign  nationals 


The  French  SS10  antitank  missile  with  high  ex¬ 
plosive,  shaped  charge  warhead  was  tested 
against  homogeneous  steel  armor  plate  targets  al 
0°  and  59°  obliquity.  Eleven  of  the  rounds  were 
fired  using  the  APG  signal  generator  and  6  with 
the  French  generator  no.  7.  A  summary  of  the 
firings  follows: 

APG  Signal  Geserator 

1  n  in  iv  v 

4  11  0”  S  l 

4  3  0°  4  0 

French  Generator  no.  7 
1  11  0°  01 

2  3  59°  2  0 

l=iounds  fired;  H=target  thickness  (in.);  IH= ob¬ 
liquity;  IV= complete  penetration;  V=part!al  penetra¬ 
tion. 

It  was  concluded  that  the  SS10  missile  failed  to 
penetrate  satisfactorily  II  in.  of  laminated  armor 
at  normal  obliquity. 
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[Director  of  Miscellaneous  Weapons  Development 
(Cl.  Brit)]. 

REPORT  BY  DMWD  ON  UNDERWATER  TRIALS 
AT  WH1TECHURCH  (MD1)  WITH  HOLLOW 
CHARGES  AGAINST  TARGETS  REPRESENTATIVE 
OF  A  SECTION  OF  A  SUBMARINE,  byE.  A.  Gug¬ 
genheim.  July  11,  1942,  3p.  incL  table,  dlagr. 
(DMWD  rept.  no.  44/1)  Secret 

Data  are  listed  for  full-scale  underwater  trialo 
of  shaped  charges  against  targets  representing  a 
section  of  a  submarine.  Daring  previous  1:2 
scale  trials,  it  was  found  that  the  meth»  of  tilling 
with  PE  was  very  Important  and  that  steel  liners 
were  more  reliable  than  bronze  liners.  Resuito 
are  Indicated  for  trials  with  5-in.  charges  fitted 
with  Beehives,  with  charges  of  7-in.  diameter, 
and  with  charges  with  improved  priming. 
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[Director  of  Miscellaneous  Weapons  Development 
(GL  Brit.)]. 

2ND  REPORT  BY  DMWD  ON  UNDERWATER 
TRIALS  AT  WHITECHURCH  (MD1)  WITH  HOL¬ 
LOW  CHARGES  AGAINST  TARGETS  REPRESEN¬ 
TATIVE  OF  A  SECTION  OF  A  SUBMARINE.. 

Aug.  G,  1942,  3p.  Inch  table,  dingr.  (DMWD 
rept.  no.  44/2)  Confidential 

Tests  were  made  with  80°  steel  liners,  5.75  in.  in 
diameter.  With  a  0. 25-ln.  thick  liner  and  with 
4-in.  standoff,  penetration  cf  0.75-ln.  plate  at 
45°  through  a  slant  distance  of  42  in.  of  water 
was  achieved  whether  the  charge  was  submerged  or 
in  air.  At  48-in.  slant  distance,  there  was  no 
penetration;  at  42-in.  slant  distance  of  water 
7/8-ln.  plate  was  penetrated  with  the  charge  sub¬ 
merged.  Two  Shuto  with  3 '3-in.  thick  liners 
were  unsuccessful,  which  led  to  the  conclusion 
that  liner  thickness  was  a  critical  factor. 
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[Director  of  Miscellaneous  Weapons  Development 
(Gt.  Brit.)). 

WRECK  DISPERSAL.  [1944-1945],  lv.  incl. 
illus.  dtagrs.  (DMWD  Technical  History  no.  30, 
ACSIL/AD  M/48/383)  Confidential 

Tests  were  made  underwater  with  shaped  charges 
against  concrete  liUed-scale-moael  blocks  hip 
targets.  The  charges  were  used  also  against 
fullscale  biockshlps  filled,  with  concrete.  Bee¬ 
hives  (charge,  demolition  no.  10)  were  adapted 
for  underwater  use  by  fitting  a  suitable  cylinder  in 
front  o'  the  charge  to  provide  the  necessary  stand¬ 
off.  Throughout  both  the  model  and  full-scale 
tests  It  was  found  Impossible  to  detonate  a  number 
of  charges  simultaneously  because  cf  some  tailors 
in  the  electrical  method  of  firing.  A  countermining 
pistol  was  devised  to  fire  a  large  number  of 
closely  spaced  charges.  Diagrams  and  work  done 
on  the  countermining  pistol  are  Included. 


Directorate  cf  Weapon  Research  (Defence)  (Gt.  Brit.), 
CORRECTION  FOR  SPIN  IN  HOLLOW  CHARGES, 
by  D.  A.  Richards.  Feb.  1951,  p.  7-8.  (In  Its 
Progress  rept.,  4th  quarter,  1950;  Inclosure  1  to 
MA  London  rept.  no.  R1156-51)  Secret 

A  method  of  spin  compensation  was  discussed 
based  on  the  use  of  2  explosives  having  different 
rates  of  detonation.  By  casting  them  in  suitable 
geometric  shapes  it  was  shown  tow  spin  of  suf- 
'  ficient  magnitude  could  be  Induced  at  the  Inner 
surface  of  the  charge  to  compensate  for  the  spin 
of  the  shell.  While  the  method  was  thought  to  be 
possible  a  strongly  supported  opinion  was  ex¬ 
pressed  that  the  fundamental  cause  of  the  variable' 
behavior  of  shaped  charge  and  the  spread  In  per¬ 
formance  of  the  explosive  itself,  ar.d  It  was  con¬ 
sidered  of  urgent  Importance  to  discover  the 
reason  for  inis.  A  charge  based  on  2  different 
explosives,  It  was  thought,  might  therefore  prove 
to  be  a  complicated  problem.  Reference  was  made 
to  the  use  of  "ring  bombs”  during  the  war  and  It 
was  thought  that  the  system  had  not  been  taken  to 
the  llir.lt  in  design.  Other  suggestions  made  were 
•  that  it  might  be  possible  to  stop  the  shell  spinning 
at  a  later  stage  in  flight  —  It  was  noted  that  the 
fraction  of  the  total  shell  energy  in  the  spin  was 
quite  small,  about  2%, —  and  to  mount  the  charge 
so  that  It  did  not  pick  up  the  spin  of  the  body.  This 
was  thought  to  be  a  major  engineering  problem. 

(DWR(D)  abstract) 


Division  cl  Naval  Intelligence,  [Office  of  Naval 
Operations]. 

AUSTRALIAN  COMMONWEALTH  MILITARY 
FORCES,  WEEKLY  INTELLIGENCE  REVIEW 
NO.  118,  NOV.  11,  1644.  Nov.  25,  1944,  3p. 
(OP-16-PT  Technical  inlelllgerce  extract) 

Secret 

Shaped  charge  ammunition  was  developed  for  use 


with  Japanese  standard  Infantry  rifles,  type  92 
70-mm.  battalion  gun,  type  41  75-mm.  regimental 
gun,  type  94  75-mm.  mountain  gun,  and  type  91 
I05-mm.  howitzer.  Armor  penetration  data  for 
these  rifle  grenades  and  shells  are  listed. 


fdu  Pont  de  Nemours,  E.  I. ,  &  Co.]. 

EXPERIMENTAL  EVIDENCE  FOR  DU  PONT 
SPALL  THEORY  OF  MECHANISM  OF  CONE 
COLLAPSE,  by  C.  O.  Davis,  n.(L,  4p. 

Restricted 

Presented  in  outline  form  are  the  theoretical 
reasons  for  the  belief  that  the  primary  process  of 
conical  liner  collapse  must  involve  spalling  from 
the  Inner  walls  of  the  liner.  Some  experimental 
results  which  support  the  spill  hypothesis  and 
theory 'of  liner  collapEe  are  also  discussed. 


[du  Pont  de  Nemours,  E.  I. ,  6  Co.]. 

THEORY  OF  CAVITY  EFFECT,  by  M.  A.  Cook, 
n.d. ,  lOp.  inch  dl&gr.  Confidential 

An  explanation  of  the  cavity  effect  by  considering 
the  conditions  existing  in  the  detonation  head  is 
presented.  These  conditions  Include:  hydrodynamic 
theory  and  detonation  head  concept,  edge  effect, 
size  and  shape  of  detonation  head,  microscopic 
properties  of  detonation  head,  collision  of  the 
wave  with  a  flat  steel  plate  and  with  a  liner, 
mechanism  of  focusing,  cavity  effect  vs.  detonation 
pressure,  confinement,  and  liner  thickness.  Ob¬ 
jections  to  the  simple  procedure  for  estimating  the 
amount  of  spall  and  the  validity  of  Ideas  underlying 
the  theory  of  spall  are  outlined.  Investigation  of 
a  number  of  explosives  showed  that  cavity  effect 
correlated  closely  with  calculated  detonation 
pressures  but  failed  to  do  so  with  otner  quantities. 


[du  Pont  de  Nemours.  E.  I. ,  &  Co.]. 

DEVICES  A,  B,  C,  D,  E,  AND  M9A1.  DISCUS¬ 
SION  OF  CONE  COLLAPSE.  Mar.  30,  1942, 
lOp,  Confidential 

A  study,  largely  mathematical,  of  the  collapse  of 
liners  Is  reported.  Recovered  liners  weighed 
approximately  hall  as  much  as  before  firing.  The 
kinetic  energy  of  the  jet  was  40-60$  of  the  total 
heat  of  explosion  of  the  filler.  Details  of  the  cal¬ 
culation  of  liner  weight,  dimensions,  and  kinetic 
energy  are  presented. 


chi  Pont  de  Nemours,  E.  1. ,  £  Co. 

"CAVITY  EFFECT".  REVIEW  CF  28  SECRET 
BRITISH  REPORTS.  June  11,  1942,  14p. 

Confidential 

Twenty-six  British  repts.  on  shaped  charges  are 
listed  and  abstracted.  The  material  Is  grouped 
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as:  (1)  history  ol  the  shaped  charge;  (2)  investiga¬ 
tion  of  liner  materials  and  shapes;  (3)  fundamental 
studies  of  detonation  affecting  shaped  charges; 
and  (1)  demolition  charges.  The  following  con¬ 
clusions  were  reached  concerning  the  use  of 
shaped  charges  in  armor-plerclng  munitions 
after  a  study  of  these  repts:  rear  Initiation  must 
be  used;  the  deeper  the  cavity  the  belter;  the 
longer  the  explosive  charge  the  greater  the  effect 
up  te  a  critical  maximum  length;  an  ogive  3  to  9 
times  as  long  as  the  charge  diameter  must  be 
used;  and  the  higher  the  brlsancc  of  the  explosive- 
the  greater  the  effect. 

L780 

du  Pont  de  Nemours,  E.  I. ,  &  Co, 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Sect.  B-l 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Aug.  15-Sept.  15,  1942,  7p.; 

Rept.  no.  CF-1)  '  Confidential 

A  cavity  and  liner  are  being  developed  for  use  In 
a  small  scatter  bomb.  Pi'eliininary  tests  to  aid  in 
the  selection  of  a  preferred  cavity  shape  and  liner 
were  made  against  homogeneous  armor  plate,  not 
in  water.  Liners  of  approximately  45°  were  used 
to  Investigate  the  effect  of  charge  diameter  or 
liner  base  diameter  on  penetration. 

L781 

du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  V/.  E.  Lawson.  (In  NDRC  Sect.  B-l 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Sept.  15-Oct.  15,  1942,  6p.; 

Rept.  no.  CF-2)  Confidential 

Tests  on  cold  rolled  steel  liners  and  cast  steel 
line:  r  are  reported.  Results  are  presented  for 
full-scale  shots  with  machined  cold  rolled  steel 
liners,  60/40  Cyclotol  (RDX/TNT),  50  In.  of 
water  between  target  plates.  The  effect  was 
studied  of  the  weight  of  60/40  Cyclotol  on  pene¬ 
tration  of  2  0.75-in.  mild  steel  plates  separated 
by  water  and  of  the  ogive  design  on  penetration. 

L782 

du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Sect.  B-l 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Oct.  15-Nov.  15,  1942,  1C?.; 
Rept.  no.  CF-3)  Confidential 

Welded  steel  conical  liners  (45°)  previously  re¬ 
ported  (Sept.,  1942  rept.)  as  having  produced 
erratic  results  were  evaluated  again  in  full-scale 
tests  and  found  to  be  satisfactory  for  use  In  the 
antisubmarine  scatter  bomb.  Full-scale  tests  with 
cast  steel  conical  liners  (45°)  proved  them  un¬ 
satisfactory  for  the  scatter  bomb.  Approximately 
half  scale  tests  were  carried  out  using  E  cones 
(4-ln.  high,  3.  5-in.  outside  diameter,  45°  apes 


angle)  to  determine:  (1)  the  relationship  od  pene¬ 
tration  to  ogive  length;  (2)  the  effect  of  a  uniform 
layer  of  water  between  the  ogive  and  the  top  target 
plate;  and  (3)  penetration  depth  resulting  from 
firings  at  a  45°  angle  to  large!  using  the  Straub 
nose  design.  Results  from  these  tests  are  tabu¬ 
lated  and  discussed. 

L3G3 

du  Pont  do  Nemours,  E.  I. ,  6  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  G 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Nov.  15-Dec.  15,  1942,  9p.; 

Rept.  no.  CF-4)  Confidential 

Maximum  penetration  for  a  6-ln.  bomb  was 
measured.  Pentollte,  Torpex,  Macarlle,  and 
TNT  wore  investigated  for  use  in  the  bomb. 

L784 

du  Pont  de  Nemours,  E.  1. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson,  (fa  NDHC  Div.  3 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Dec.  15,  1942-Jan.  15,  1943, 
p.  9-11;  Rept.  no.  CF-5)  Confidential 

An  ogive  was  designed  for  the  6-in.  bomb  which 
meets  these  requirements:  (1)  sufficient  weight 
In  a  small  volume;  (2)  large  hole  for  free  passage 
of  the  penetrating  agent;  (3)  Inner  walls  of  ap¬ 
proximately  a  63°  slope;  (4)  Pb  jacket  to  give 
weight  and  cushion  a  blow;  (5)  ogive  firmly  screwed 
to  liner  to  give  strength  and. Insure  alignment; 
and  (6)  no  welding  to  the  liner. 


L7G3 

du  Pont  de  Nemours,  E.  I. ,  6  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson,  (fa  NDRC  Div.  fl 
Interim  rept.  on  Controlled  fragmentation  and 
Shaped  Charges,  Jan.  15-Feb.  15,  1943,  p.  20-24; 
Rept.  no.  CF-fl)  Confidential 

A  preliminary  static  test  was  made  of  the  com¬ 
plete  6-ln.  antisubmarine  bomb.  Loading  and 
assembling  details  of  the  bombs  are  given. 

JL78G 

du  Pont  de  Nemours.  E.  I. ,  fir  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  Nurvl  Div.  8 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Feb.  15-Mar.  15,  1943,  p.  17-22; 
Kept.  no.  CF-7)  Confidential 

Static  teals,  simulating  attach  on  a  large  German 
submarine  white  surfaced,  diving  or  surfacing, 
and  submerged,  were  made  with  the  6-ln.  anti¬ 
submarine  bombs. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOltB,  by  W.  E.  Lawson.  (In  NDRC  Div.  8 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  Mar.  15-Apr,  15,  1943,  p.  13-20; 
Hept.  no,  CF-3)  Confidential 


r.  4 

O  •  *: 


Investigation  of  the  following  aided  in  further 
development  ol  the  scatter  bomb:(l)  determination 
of  the  optimum  liner  thickness  for  the  3- hi.  bomb; 
(2)  effect  of  a  60°  liner  on  the  penetration  power 
of  a  5-in.  bomb;  (3)  penetration  obtained  with  a 
1:2  scale  model  of  the  C-ln.  bomb;  and  (4)  under¬ 
water  scaling.  A  brief  discussion  is  given  of 
each  cl  the  above  topics.  One-sixth  scale  models 
of  a  ship’s  torpedo  defense  system  were  constructed 
and3.b-ln.  diameter  bombs  bearing  45°  steel 
liners  were  fired  against  them  to  obtain  Information 
concerning  target  construction,  handling,  damage, 
inflammability  and  ease  of  recovery  after  a  shot. 
Results  and  photographs  ot  the  tests  and  a  diagram 
of  the  target  arc  included. 


L78D 


A  special  test  made  with  a  modified  scatter  bomb 
is  described.  A  discussion  is  Included  of  the 
manufacture  of  liners  by  the  following  methods: 

(1)  progressive  drawing  (female  and  male  methods); 

(2)  flattened  liner;  and  (3)  spinning.  Loading  data 
for  an  antisubmarine  projector  (Mousetrap)  and 
diagrams  ol  the  above  mentioned  bombs  and  liner 
manufacturing  methods  are  given. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Aug.  15-Sept. 

15,  1943,  p.  21-27;  Rept.  no.  SC-1)  Confidential 


Loading  data  for  32  antisubmarine  bomb  cases 
ar.e  given.  Modified  Mark  4  AS  Projector  (Mouse¬ 
trap)  bombs  (standard  and  lined,  45°  steel)  filled 
with  various  explosives  were  tested  underwater 
to  obtain  comparative  pressure  and  momentum 
measurements.  Gage  readings  and  test  design 
data  are  Included. 
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du  Pont  de  Nemours,  E.  T. ,  6  Co. 

DEVELOPMENT  OF  ANTISUB  MARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  8 
Interim  rept.  on  Controlled  Fragmentation  and  . 
Shaped  Charges,  Apr.  15-May  15,  1943,  p.  27-28; 
Rept.  no.  CF-9)  Confidential 


A  comparison  ol  30/40  Cyclotol  and  Comp.  B  for 
use  in  the  scatter-bomb  was  made.  The  results  of 
pouring  tests  of  each  of  these  explosives  are 
discussed. 


L789 

du  Pont  de  Nemours,  E.  L,  1  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  3 
Interim  rept.  on  Controlled  Fragmentation  and 
Shaped  Charges,  June  15- July  15,  1943,  p.  23-24; 
Rept.  no.  CF-11)  Confidential 

Two  model  antisubmarine  scatter  bombs  were 
fired  In  air  against  an  underwater  target  of  mild 
steel.  The  test  was  to  observe  and  record  the 
trajectories  of  the  tall  fragments  by  means  of 
still  ar.d  movie  cameras.  The  results  ol  the 
firings  are  discussed  briefly.  A  description  and 
diagram  ol  the  plan  for  converting  the  Mark  4A 
Mousetrap  into  a  shaped  charge  antisubmarine 
projector  are  included. 


L79D 

du  Pent  de  Nemours,  E.  I  ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  LHv.  8 
Interim  rept.  or,  Controlled  Fragmentation  and 
Shaped  Charges,  July  15-Aug.  15,  1943,  p.  30-40; 
Rept.  no.  CF-12)  Confidential 
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du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB.  by  W.  E.  Lawson.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Oct.  15-Nov. 

15,  1943,  p.  37-45;  Rept.  no.  SC-3)  Confidential 

Full-scale  damage  tests  against  submarine  models 
were  made  to  obtain  blast  pressure  Information. 
Types  of  bombs  tested  were:  (1)  the  modified 
Mark  IV-A  projector  (modified  Mousetrap); 

(2)  the  modified  British  AS  bomb;  and  (3)  the 
Navy  scatter-bomb.  Tests  were  made  to  deter¬ 
mine  whether  the  Tetryl  train  was  the  cause  ol 
the  failure  of  several  Straub  fuse  mechanisms 
(electrical  condenser  horn  fuse)  used  in  the  Navy 
scatter  bomb.  Design  data  and  test  results  are 
included  for  both  of  the  above  Investigations. 
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du  Pont  de  Nemours,  E.  I. ,  6  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Dee.  15,  1943- 
Jan.  15,  1944,  p.  19-21;  Rept.  no.  SC-5) 

Confidential 

Fuze  failures  which  occurred  In  field  tests  of  the 
Navy  scatter-bomb  seemed  to  be  cue  to  2  probable 
causes:  (1)  separation  of  the  SSS  cap  from  the 
•Tetryl  train;  and  (2)  failure  of  the  Tetryl  train  to 
propagate  due  to  small  diameter  or  low  density 
or  both.  An  attempt  is  made  to  determine  means  of 
overcoming  these  failures. 
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du  Pont  de  Nemours,  E,  X. ,  L  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W,  E.  Lawson.  (In  NDRC  Dlv.  B 
Interim  rept.  on  Shaped  Charges,  Jan.  15-Feb.  15, 
1344,  p.  23;  Fept.  no.  SC-6)  Confidential  ; 

No  additional  information  is  given. 
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du  Pont  de  Nemours,  E.  I.  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  B 
Interim  rept.  on  Shaped  Charges,  May  15- June  15, 
1344,  p.  22-2.4;  Rept.  no.  SC-10)  Confidential 

Drawn  steel  liners  for  the  scatter-bomb  were 
tested. 

L793 

du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Div.  R 
Interim  rept.  on  Shaped  Charges,  June  15-Jnly 
15,  1944,  p.  25-27;  Rept.  no.  SC-11) 

Confidential 

Data  from  underwater  penetration  tests  to  com¬ 
pare  the  range  of  50%  perforation  of  hand-formed 
and  drawn  steel  (45°)  and  Cu  (60°)  liners  am 
tabulated. 
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du  Pont  de  Nemours,  E.  I. ,  Sr  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  SCATTER- 
BOMB,  by  W.  E.  Lawson.  (In  NDRC  Dlv.  8 
Interim  rept.  on  Shaped  Charges,  Aug.  15-Sept. 

15,  1944,  p.  24;  Rept.  no.  SC-13)  Confidential 

•  The  loading  of  225  clusters  (2700  bombn)  with 
Comp.  B  thinned  with  TNT  is  discussed. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co. 

THEORY  OF  DETONATION,  by  M.  A.  Cook. 

Mar.  19,  1943,  lv.  lncl.  tables,  dlagrs. 

Confidential 

Theoretical  developments  of  the  Eastern  Laboratory 
regarding  the  process  of  detonation  and  Its  applica¬ 
tion  to  the  study  of  military  explosives  are  pre¬ 
sented  In  5  sections.  I.  Equations  of  the  hydro- 
dynamic  theory  are  developed  and  the  method  of 
application  outlined.  Appendixes  containing  out¬ 
lines  of  the  fundamental  basis  of  the  theory  and 
detailed  derivations  contributing  to  an  under¬ 
standing  of  the  theory  are  inciuded,  H.  Equations  ■ 
are  developed  to  make  use  of  the  adiabatic  ex¬ 
pansion  law  and  the  equation  of  state  derived  from 
the  hydrodynamic  theory  in  evaluating  the  avail¬ 
able  energy  of  an  explosive.  HI.  Methods  of 
calculating  explosive  equilibrium,  composition  of  . 


gases  and  temperature  (detonation  products  at 
various  stages  In  the  detonation  process  are  given). 
IV.  The  hydrodynamic  theory  treats  only  the 
macroscopic  conditions  existing  In  detonation. 
However,  the  concepts  of  this  theory  are  taken  into 
account  in  a  discussion  of  Ihe  kindles  of  detona¬ 
tion.  An  appendix  of  definitions  of  terms  used  In 
this  discussion  and  a  bibliography  of  pertinent 
literature  are  included.  V.  Thermodynamic 
properties  of  a  number  of  military  explosives 
are  calculated  and  tabulated.  A  brief  discussion 
of  those  calculations  and  of  the  errors  Involved  Is 
given.  The  strength  of  explosives  as  measured  by 
the  du  Pont  ballistic  mortar  and  some  considera¬ 
tions  of  underwater  blasting  are  discussed  briefly, 
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du  Pont  de  Nemours,  E.  L ,  6  Co. 

SCALING- UP  OF  UNDERWATER  PENETRATION 
BY  SHAPED  CHARGES,  byW.  E.  Lawson.  0£ 
NDRC  Div.  8  Interim  rept.  on  Controlled 
Fragmentation  and  Shaped  Charges,  Apr,.  15-May 
15,  1943,  p.  33-34;  Rept.  no.  CF-9)  Confidential 

Investigation  to  find  the  laws  governing  under¬ 
water  penetration  was  continued  with  6-ln.  (45“ 
steel  liner)  and  3-in.  (42°,  M67  liner)  charges. 
Results  are  discussed  briefly. 
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du  Pont  de  Nemours,  E.  I.,  6  Co. 

SCALING-UP  OF  UNDERWATER  PENETRA¬ 
TION  BY  SHAPED  CHARGES,  by  W.  E.  Lawson. 
(In  NDRC  Div.  C  Interim  rept.  on  Controlled 
Fragmentation  and  Shaped  Charges,  May  15- 
June  15,  1943,  p.  32-35;  HepL  no.  CF-10) 

Confidential 

Results  of  underwater  scaling  tests  are  given 
for  3-in.  diameter  steel  liners  (45°,  00°  apex 
angles). 

LB01  ' 

du  Pont  de  Nemours,  E.  I. ,  6  Co. 

SCALING-UP  OF  {UNDER]  WATER  PENETRA¬ 
TION  BY  SHAPED  CHARGES,  by  W.  E.  Lawson. 
(In  NDRC  Dlv.  8  Interim  rept.  on  Controlled 
Fragmentation  and  Shaped  Charges,  June  15- 
July  15,  1943,  p.  25-20;  RepL  no/CF-ll) 

Confidential 

A  table  summarizes  briefly  Ihe  50%  perforation 
point  of  a  0. 25-in.  mild  steel  plate  when  charges 
with  steel  liners  (45°,  60°,  and  90°  apex  angles) 
of  varying  wall  thicknesses  were  fired  against  it. 
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du  Font  de  Nemours,  E.  I. ,  fir  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  Un  NDRC  Div.  8  Interim  rept. 
on  Controlled  Fragmentation  and  Shaped  Charges, 
Apr.  15-May  25,  1343,  p.  29-32;  Rept.  no.  CF-9) 

Confidential 
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One-sixth  scale  torpedoes,  3.5-ln.  diameter, 
containing  42“  steel  liners  were  used  In  experi¬ 
ments  to  determine:  (1)- the  possibility  o{  starting 
fires  in  a  ships  hull  ivlth  the  penetrating  agent 
lrom  a  steel  liner  in  the  nose  of  the  warhead;  and 
(2)  the  degree  of  inflammability  of  cargo  material 
required  for  easy  ignition.  Tests  weremadeusing 
z  6:21  scale  torpedo  bearing  a  6-in.'  diameter  45° 
steel  liner  to  discover  the  possibility  ol  such  a 
torpedo  penetrating  a  6:21  scale  mulllplate  defense- 
system.  Test  results  are  tabulated  and  photographed 
and  diagrams  of  the  test  equipment  are  included. 

L.B03 

du  Port  de  Nemours,  E.  1. ,  St  Co- 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Larson.  (In  NDRC  Div.  8  Interim  rept. 
cn  Controlled  Fragmentation  and  Shaped  Charges. 
July  15 -Aug.  lb,  1943,  p.  41;  Rept.  no.  CF-12) 

Confidential 

No  additional  Information  Is  given. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
on  Shaped  Charges,  Aug.  15-Sept.  15,  1943, 
p.  28-32;  Rept.  no.  SC-1)  Confidential 

A  modified  Mark  13  warhead  wa3  designed  and  Ha 
characteristics  compared  with  tha  standard 
Mark  13.  Penetration  test  and  loading  data  for 
full-scale  and  1:6  scale  models  are  given. 


L805 

du  Pont  de  Nemours,  E.  L,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Div.  8  Interim  rept. 
on  Shaped  Charges,  Sept.  15-OcL  15,  1943, 
p.  23-30;  Rept.  no.  SC-2)  Confidential 

Full-scale  tests  of  3  modified  Mark  13  warheads 
(2  lined  and  1  unlincd)  were  made  to  evaluate  large 
diameter  (18  In.)  segmented  liners  (1  steel,  1  Fe). 
Results  of  target  damage  teats,  Jet  velocity 
measurements,  and  blast  pressure  measurements 
are  given.  Design  data  for  experimental  warheads, 
boosterlng  plan,  and  target  and  test  assembly  are 
Included. 
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du  Pont  de  NemourB,  E.  I. ,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  0  Interim  rept. 
on  Shaped  Charges,  Oct.  15-Nov,  15,  1043, 
p.  34-35;  Rept.  no.  SC-3)  Confidential 

Various  preliminary  phases  of  the  research 
program  on  warheads  are  discussed  briefly. 


L807 

du  Pont  de  Nemours,  E.  L,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
»W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
on  Shaped  Charges,  Part  A,  Nov.  15-Dec.  15, 

1945,  p.  27-35;  Rept.  no.  SC-4)  Confidential 

Information  Is  presented  concerning  the  fallowing 
Investigations:  (I)  evaluation  of  DBX  by comparifrorr 
with  Cyclntol  and  Torpei  as  a  Illler  for  warheads; 

(2)  comparison  of  target  damage  from  1:6  scale 
conventional  and  modified  Mark  13  Mod.  1  war¬ 
head  models;  and  (3)  uee  of  a  shaped  charge 
(7-In. ,  10-;n. ,  and  15-in.  liner  diameter)  to 
improve  the  performance  of  the  Mark  17.  Design 
data  for  the  above  mentioned  warheads  and  targets 
are  Included. 

LB  00 

au  Pont  de  Nemours,  E.  I. ,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
on  Shaped  Charges,  Dec.  15,  1943-Jan.  15,  1944, 
p.  22-24;  RcpL  no.  SC- 5)  Confidential 

Loading  data  for  3:8  scale  Mark  13  Mod.  1  war¬ 
heads  (conventional  and  modified)  are  given. 

Sketches  showing  charge  and  method  of  boosterlng 
for  loaded  warheads  are  included.  Construction  of 
mulllplate  targets  and  preparation  of  charges  for 
1:6  to  1:10  scale  Mark  13  Mod.  1  warheads  are 
discussed.  Design  of  the  charge  for  the  Mark  17 
la  commented  upon  briefly. 
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du  Font  de  Nemours,  E.  I. ,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
on  Shaped  Charges,  Jan.  15- Feb.  15,  1944, 
p.  18-22;  Rept.  no.  SC-8)  Confidential 

The  loading  of  full-scale  Mark  13  Mod.  1  war¬ 
heads  wilh  Torpex  and  Comp.  D  Is  discussed.  The 
effect  of  a  pickup  knob  (on  ogive)  on  penetration 
of  the  Mark  13  Mod.  1  was  studied.  Loading  and 
penetration  test  data  on  1:5  scale  Mark  17  war¬ 
heads  Is  tabulated.  A  comparison  of  the  experi¬ 
mental  models  of  the  Navy  scatter-bomb  and  the 
Mark  17  warhead  Is  made. 

L01D 

du  Pont  de  Nemours,  E.  I. ,  &  Co,  1 
■  SHAPED  WARHEADS  FOP.  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
cn  Shaped  Charges,  F?b.  15-Mar.  15,  1944, 
p.  26-34;  Rept.  no.  SC-7)  Confidential 

Loadlne  data  and  blast  damage  comparison  for  1 
Mark  13  Mod.  1  and  2  modified  Mark  13  warheads, 
and  penetration  test  results  for  small  scale  Mark  17 
warheads  are  tabulated.  Wall  thickness,  shape  of 
ogive,  and  the  HE  charge  shape  of  the  Mark  17 
were  also  Investigated.  A  comparison  of  the  design 
of  Mark  18  Mod.  1  and  Mark  17  warheads  fa  made. 
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du  Pont  de  Nemours,  E.  I. ,  h  Co. 

SHAPED  WARHEADS  FOR  TORPEDOE8,  by 
W.  E.  Lawson.  (In  NDRC  Civ.  8  Interim  rept. 
on  Shaped  Charges,  Mar.  15-Apr.  15,  1944, 
p.  19-86;  Rept.  no.  SC-8)  Coniidential 

One-tenth  scale  conventional  (2)  nnd  shaped  charge 
(4)  Mark  13  Mod.  1  warheads  were  fired  againato. 
multiplate  target.  Results  of  target  damage  tests, 
target  design,  warhead  design,  and.  loading  data 
are  included.  Loading  and  test  data  for  penetra¬ 
tion  tests  using  1:5  scale  Mark  17  and  Mark  16 
Mod.  1  warheads  are  given.  A  depjgn  for  the 
Mark  16  Mod.  1  was  prepared  and  target  damage 
comparison  photographs  are  presented. 


LB12 

du  Pent  de  Nemours,  E.  I. ,  &  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim  rept. 
on  Shaped  Charges,' Apr.  15-May  15,  1944, 
p.  17-19;  Rept.  no.  SC-D)  Confidential 

Blast  damage  tests  of  0.  34-scalo  model  Mark  13 
Mod.  1  warhead  are  reported. 

LB  13 

du  Pont  de  Nemours,  E.  I. ,  ti  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Div.  8  Interim  ropt.  on 
Shaped  Charges,  May  15-June  15,  1944,  p.  19-21; 
Rept.  no.  SC-10)  Confidential 

Comparative  tests  were  made  against  0. 37-ecalo 
caissons  using  0. 34-scaie  charges. 


L014 

du  Pont  de  Nemours,  E.  I. ,  6  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Div.  8  Interim  rept. 
on  Shaped  Charges,  June  15-July  15,  1944, 
p.  24-25;  Rept.  no.  SC-11)  Confidential 

Results  of  a  caisson  target  damage  test  using  a 
0.34-scale  Mark  13  Mod.  1  warhead  loaded  with 
Torpcx  If  are  discussed.  The  test  was  conducted 
at  Norfolk  Navy  Yard. 

L815 

du  Pont  de  Nemours,  E.  I. ,  6  Co. 

SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson.  (In  NDRC  Dlv.  B  Interim  rept. 
on  Shaped  Charges,  July  15-Aug.  15,  1944, 
p.  40-45;  Rept.  no.  SC-12)  Confidential 

Underwater  pressure  and  momentum  measure¬ 
ments  made  or.  shaped  charge  warheads  con¬ 
taining  an  18-In.  diameter,  60°  angle,  0.  5-ln. 
thick  steel  liner  were  compared  with  measure-, 
ments  from  warheads  of  standard  design. 


L816 

du  Pont  de  Nemours,  E.  L,  &  Co. 

-SHAPED  WARHEADS  FOR  TORPEDOES,  by 
W.  E.  Lawson,  (hi  NDRC  Div.  8  Interim  rept. 
on  Shaped  Charges,  Aug.  15-Sept.  15,  1944, 
p.  21;  Rept.  no.  SC-13)  Confidential 

Design  data  for  4  modified  Mark  13  Mod.  1  and 
0  Mark  16  Mod.  I  warheads  are  given. 

L817 

du  Pont  de  Nemours,  E.  1.,  6  Co. 

EXPERIMENTAL  EVIDENCE  CONCERNING 
CAVITY  EFFECT,  by  C.  O.  Davis.  June  22, 
1943,  6p.  illus.  table,  diagr.  (Paper  prepared 
for  the  June  SO,  1043.  Technical  Meeting  of  tho 
Joint  Committee  oa  Shaped  Charges)  Confidential 

An  experiment  is  outlined  In  which  cavity  effect 
can  be  obtained  without  conical  liner  rupture.  Tho 
Xistlakcwsky  experiment  Is  described  In  which 
the  target  plate  was  placed  some  distance  beyond 
the  conical  liner  base  to  see  if  the  penetrating 
stream  remained  focused. 

L818 

du  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLIOW- 
THROUGH  [ASFT]  BOMB,  by  W.  E.  Lawson, 

(In  NDRC  Div.  8  Interim  rept.  on  Controlled 
Fragmentation  and  Shaped  Charges,  July  15-Aug. 
15,  1943,  p.  42-44;  Rept.  no.  CF-12) 

Confidential 

A  general  description  for  an  AS  FT  bomb  was 
tentatively  agreed  upon  and  a  program  for  lta 
development  is  outlined.  A  brief  discussion  of 
the  work  already  begun  on  the  follow-through  pro¬ 
jectile  is  presented. 

L819 

du  Pont  de  Nemouis,  E.  I.,  &'Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [ASFT]  BOMB,  by  W.  E.  Lawson. 

(h?  NDRC  Div.  8  Interim  rept  on  Shaped  Chargeo, 
Aug.  15-Sept.  15,  1043,  p.  36-41;  Rept.  no. 

SC-1)  Confidential 

Design  and  test  data  for  HE  forward  chargeo  of 
arbitrarily  chosen  size  and  shape  are  given. 

Conical  (45  and  120°  apex  angles), hemispherical, 
and  spherical  section  steel  liners  were  used  In 
these  experiments.  Performance  and  design  of  n 
follow-through  projectile  (ogival  nose)  are  dis¬ 
cussed.  Description  of  a  high  Inertia  target  for 
testing  the  above  projectiles  is  included. 

L82D 

du  Pont  de  Nemours,  E.  l.,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [ASFT]  BOMB,  by  W.  £.  Lawson. 

(In  NDRC  Div.  8  Interim  rept.  on  BhapedChargea, 
Sept,  15- Oct.  15,  1943,  p.  31-40;  Bept.  no. 

Confidential 
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The  most  satisfactory  site,  shape  and  weight  ol 
HE  charge  tor  the  follow-through  projectile  were 
determined  through  various  target  damage  teats. 
Attention  is  also  given  to  the  development  ol  a 
mode  ol  .propulsion  and  initiation  for  the  follow- 
through  projectile  including:  (1)  the  design  of  a 
test  mortar;  and  (2)  velocity  measurements  with 
and  without  the  forward  charge  in  place. 


LB2I 


du  Pont  Ue  Nemours,  E.  I. ,  &  Co.  _ 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [AS FT]  BOMB,  by  W.  E.  Lawson. 

(In  NDRC  Dlv.  8  Interim  repl.  on  Shaped  Charges, 

Oit.  15 -Nov.  15,  1043,  p.  46-58;  Kept.  no. 

Confidential 


Development  work  on  components  for  an  AS  FT 
bomb  are  described.  Tentative  design, Joadtog 
data,  and  firing  results  against  a  modified  high 
inertia  target  are  given  for  the  HE  charge.  Fol¬ 
low-through  projectile  velocity  measurement  testa 
against  a  high  inertia  .arget  are  described  and 
recorded.  A  description  of  the  equipment  for 
velocity  measurement  tests  is  given.  Exploratory 
design  data  and  results  of  a  mortar  damage  test 
on  a  to>==  initiation  system  involving  the  use  of 
shaped  charge  detonators  are  included.  Side 
initiation  with  Prlmacord  is  discussed.  Apparent 
required  characteristics  of  the  bomb  are  outlined. 


L822 


du  Pont  de  Nemours,  E.  1. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [AS FT]  BOMB,  by  W.  E.  Lawson. 

(In  NDRC  Div.  8  Interim  rept.  on  Shaped  Charges, 
Part  B,  Nov.  15-Dec.  15,  1943,  p.  47-51;  Rept. 
no.  SC-4)  Confidential 


Further  study  was  made  of:  (1)  velocity  attained  by 
a  follow-through  projectile  (square  projectile  and 
mortar)  containing  a  given  weight  of  MX2  propel¬ 
lant;  mid  (2)  the  charge  weight  which  will  cause 
rupture  of  the  mortar.  Preliminary  fuse  tests  in 
connection  with  the  bomb  and  the  fuse  design 
(TAM603)  are  discussed. 


L823 

du  Pont  de  Nemours,  E.  I. ,  6  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [AS FT]  BOMB,  by  W.  E.  Lawson. 

(In  NDRC  Div.  B  Interim  rept.  on  Shaped  Charges, 
DFc.  15,  1943-Jam.  15,  1944,  p.  25-20;  Rept 
no.  SC-5)  Confidential 


Pull -scale  tests  of  1  possible  design  for  a  follow- 
through  bomb  were  made  against  a  mild  steel 
plate  (0.  5  in.)  target.  The  bomb  design  plan  and 
test  results  are  included. 


LB  24 


du  Pont  de  Nemours,  E.  L,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [AS FT]  BOMB,  by  W.  E. 

(In  NDRC  Div.  8  Interim  rept.  on  ShapedCharges, 
jSk  15- Feb.  15,  1944,  p.  24-25;  Repine.  SC-^) 


Target  damage  tests  were  made  using  3  full-scale: 
AS  FT  bombs  of  a  revised  design  to“bs  were 

fired  at  a  45°  angle  of  attack  and  1  at  a  90  ang  e 
of  attack. 


L825 


da  Pont  de  Nemours,  E.  I. ,  &  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FCLLOW- 

THROUGH  [ASFT]  BOMB,  by  W.  E.  Lawson. 

(In  NDRC  Div.  8  Interim  rept.  on  Shaped  Charges, 
m,  15-Apr.  .5,  >0«,  p.  »-»l  “d,S» 


Initiation  failures  led  to  design  revisions  of  the 
ASFT  bomb  to:  (1)  improve  contact  ol  the  leather 
eas  check:  (2)  increase  area  for  contact  of  pro¬ 
jectile  nose  with  detonator  stab;  and  (3)  obtain 
more  positive  alignment  of  travel  direction  ol 
detonator  stab  with  axis  of  detonator.  Diagrams  of 
the  revised  bomb  and  underwater  test  target  are 
Included. 


LB26 


*  SSmS'oF  .  FOLLOW- 

THROUGH  [ASFT]  BOMB,  by  W.  E.  Lawson. 

(In  NDRC  Div.  8  Interim  rept  on  ShapedCharges, 

».i  me  S2 


A  6-ln.  projectile  (1.25-ln.  outside  diameter) 
containing  a  5.25-In.  HE  charge  (1-ln.  diameter) 
was  tested  against  a  1-ln.  mild  steel  target 


L827 


du  Pont  de  Nemours,  E.  1. ,  t>  Co.  _ 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [ASFT]  BOMB,  (to  NDRC  Dlv.  3 
Interim  rept.  oiv  Shaped  Charges,  Kay 
1944,  p.  25-30;  Kept.  no.  SC-10)  Confidential 


Static  tests  of  the  ASFT  bomb  were  made.  Ex¬ 
periments  were  made  to  determine  the  depth  of 
water  required  to  obtain  the  same  performance 
of  the  forward  charge  with  partially  submerged 
target  as  had  been  obtained  with  the  target  com¬ 
pletely  submerged. 


L828 


O 


du  Pont  de  Nemours,  E.  I.,  &  Co. _ 

DEVELOPMENT  OF  ANTISUBMARINE.  FOLLOW- 
THROUGH  [ASFT]  BOMB,  (to  NDRC  Plv.  0 
Interim  rept.  on  Shaped  Charges,  June  IS- July  15, 
1944,  p.  36-40;  Rept.  no.  SC-11)  Conlidential 
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Experimen -al  work  to  dete-mine  the  velocity  re¬ 
quired  for  driving  an  antisubmarine  follow-through 
projectile  through  the  blast  of  the  forward  charge 
is  described  and  test  equipment  used  for  these 
velocity  tests  Is  illustrated. 

L829 

du  Font  de  Nemours,  El  T. ,  A  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  (AS FT]  BOMB,  by  J.  L.  VerBrydc 
and  others.  (In  NDRC  Div.  8  Interim  rept.  on 
Shaped  Charges,  July  15-Aug.  15,  1944,  p.  49-54; 
Rept.  no.  SC-12)  Confidential 

Tests  were  made  to  determine  the  propellant 
weighl  required  for  a  forward  charge  under  water 
and  for  a  submerged  charge  and  water -backed 
target  plate. 

L830 

du  Pont  de  Nemours,  E.  L,  A  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [AS FT]  BOMB,  by  J.  L.  VerBryck 
and  G.  C.  Jacquot.  (In  NDRC  Dlv.  8  Interim 
rept.  on  Shaped  Charges,  Aug.  15-Sept.  15,  1044, 
p.  25:  Rept.  no.  SC-13)  Confidential 

No  additional  Information  is  given. 


L031 

du  Pont  de  Nemours,  E.  L  ,  A  Co. 

DEVELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  [ASFT]  BOMB,  by  J.  L.  VerBryck 
and  G.  C.  Jacquot.  (In  NDRC  Div.  8  ’Interim 
rept.  on  Shaped  Charge's,  Sept.  15-Oct.  15,  1944, 
p.  11-15;  Rept.  no.  SC-14)  Confidential 

Preliminary  tests  with  a  heavy  mortar  and  pro¬ 
jectile  assembly  demonstrated  adequate  strength 
and  projectile  velocity  for  follow-through.  Six 
complete  bomb  assemblies  (3  with  Inert  ar.d  3  with 
explosive  loaded  projectiles,  untused)  were  fired. 
Fellow-through  was  achieved  with  the  inert  and  1 
TNT  loaded  projectile;  3  shots  failed  because  of 
difficulties  with  the  forward  charge;  the  TNT 
loaded  projectile  failed  to  defeat  1-in.  mild  steel 
target  plate.  A  proposed  rear  assembly  of  the 
complete  ASFT  bomb  Is  diagramed. 


L832 

du  Pont  de  Nemours,  E.  1. ,  A  Co. 

UNDERWATER  SCALING  AND  CONE  FABRICA¬ 
TION,  by  W.  E.  Lawson.  (In  NDRC  Dlv.  8  Interim 
rept.  on  Shaped  Charges,  Aug.  15-Sept.  15,  1943, 
p.  33-35;  Rept.  no.  SC-1)  Confidential 

Investigation  was  started  to  determine  whether 
suitable  segmented  liners  could  be  made  from 
Armco  Fe  plate  by  cold  binding.  The  Armco  Fe 
liners  were  compared  to  steel  liners  (3-ln.  diam¬ 
eter,  60°  apex  angle).  Penetration  test  results  arc 
discussed. 


L833 

du  Pont  de  Nemours,  E.  I. ,  S  Cb. 

UNDERWATER  SCALING,  by  W.  E.  Lawson. 

(In  NDRC  Dlv.  B  Interim  rept.  on  Shaped  Charges, 
Oct  15-Nov.  15,  1943,  p.  30;  Rept.  no.  SC-3) 

Confidential 

Sca.Ung-up  of  underwater  penetration  with  C-ln. 

(60°  apex  angle)  and  3-in.  (90°  and  120  apes 
angles)  diameter  charges  was  continued  and  results 
tabulated. 

L834 

du  Pont  de  Nemours,  E.  T. ,  A  Co. 

UNDERWATER  SCALING,  byW.  E.  Lawson. 

(In  NDRC  Dlv.  8  Interim  rent,  on  Shaped  Charges, 
Part  B,  Nov.  15-Dec.  15,  1943,  p.  36-46;  Rept. 
no.  SC-4)  Confidential 

Complete  test  results  and  test  conditions  are 
tabulated  for  underwater  scaling  of  3-in.  diameter 
steel  (welded  and  annealed)  liners  (45°-120“)  fired 
In  6-in.  charges  at  0. 8  charge  diameter  standoff 
against  0.25-in.  submerged  mild  steel  plate. 

L835 

du  Pont  de  Nemours,  E.  I.,  6  Co. 

UNDERWATER  5CAL1NG,  by  W.  E.  Lawson. 

(In  NDRC  Div.  0  Interim  rept.  on  Shaped  Charges, 
Jan.  15- Feb.  15,  1944,  p.  14-15;  Kept  no.  SC-61 

Confidential 

Underwater  scaling  tests  were  made  to  determine 
the  effect  of  annealing  on  hand- formed  welded 
steel  liners  of  the  type  used  In  the  Navy  scatier- 
bomb. 

L838 

du  Pont  de  Nemours,  E.  1. ,  A  Co. 

UNDERWATER  SCALING,  by  W.  E.  Lawson. 

(In  NDRC  Div.  8  Interim  rept.  on  Shaped  Charges, 
Apr.  15-May  15,  1944,  p.  20;  Rept.  no.  SC-9) 

Confidential 

Investigation  of  water  penetration  with  8 -in.  diam¬ 
eter  charges  containing  45°,  90°,  and  120°  liners 
at  S.  5-in.  standoff  against  0.25-in.  mild  steel 
target  plate  was  continued. 

L837 

du  Pont  dc  Nemours,  E.  I.,  A  Co. 

UNDERWATER  SCALING,  by  W.  E.  Lawson, 

(In  NDRC  Dlv.  8  Interim  rept.  on  Shaped  Charged, 
June  15- July  15,  1944,  p.  20-35;  Rept.  no.  SC-11) 

CorJldcntlal 

A  summary  of  the  data  obtained  from  an  Investiga¬ 
tion  of  the  underwater  performance  of  charges 
bearing  6-in.  diameter  steel  liners  (45°-120°)  in 
tabulated.  Graphs  Illustrating  the  following  rela¬ 
tionships  are  included;  range  vs.  liner  (45°-l20°) 
thickness,  optimum  Ur, or  thickness  vs.  sine  of 
half  liner  apex  angle,  and  maximum  range  vs. 
apex  angle. 
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L83Q 

du  Pont  de  Nemours,  E.  I. ,  &  Co. 

'UNDERWATER  SCALING,  by  W.  E.  Lawson. 

(In  NDRC  Div.  8  Interim  rept.  on  Shaped  Charges, 
jUly  15-Aug.  15,  1944,  p.  46-48;  Rept.  no.  SC-12) 


Water  penetration  results  obtained  at  the  Explo¬ 
sives  Research  Laboratory,  Druceton.were  corm- 
pared  wiiii  those  obtained  at  Eastern  Laboratory, 
du  Pont. 


L83& 

du  Pont  de  Nemours,  E.  1. ,  £  Co. 

UNDERWATER  SCALING,  by  W.  E.  Lawsoa- 
(In  NDRC  Dlv.  0  Interim  rept.  on  Shaped  Charges, 

15.  1M.  P.  25-551  ■*£  ~  JfcW 


Further  tests  against  the  standard  scale-up  tar¬ 
get  (0  2b-in.  mild  steel  target  plates)  were  made 
with  drawn  Cu  liners  (6-ln.  diameter,  45  and 
60“  apex  angles).  Comparison  ol  results  with 
performance  of  similar  steel  liners  Is  made. 

L840 


du  Pont  de  Nemours,  E.  I.,  6  Co. 

SHAPED  CHARGES  FOR  UNDERWATER  USE. 

I  DEVELOPMENT  OF  ANTISUBMARINE 
FOLLOW-THROUGH  BOMB.  II.  SHAPED  WAR¬ 
HEADS  FOR  TORPEDOES.  HI.  DEVELOPMENT 
OF  ANTISUBMARINE  SCATTER-BOMB.  IV. 
UNDERWATER  SCALING,  by  W.  E.  Lawson. 

(In  NDRC  Div.  0  Interim  rept.  on  Shaped  Charges, 
Olt.  15-Nov.  15,  1344,  p.  17-22;  Rept.  no.  SC- 15) 


I.  ”ive  complete  assemblies  of  the  antisubmarine 
follow-through  bomb  were  tested;  2  to  evaluate 
projectile  explosive  fillers,  and  3  to  evaluate  de¬ 
sign  simplifications.  Loading  data  and  diagrams  ol 
the  rear  assembly  and  complete  experimental 
bomb  are  included.  II,  HI,  and  IV.  No  additional 
Information  Is  given. 


L841 


du  Pont  de  Nemours,  E.  I.,  &  Co. 

SHAPED  CHARGES  FOR  UNDERWATER  USE. 

I.  DEVELOPMENT  OF  ANTISUBMARINE 
SCATTER-BOMB  (FT  MODIFICATION).  II. 
SHAPED  CHARGE  TORPEDO  WARHEADS.  ID. 

AS  FOLLOW-THROUGH  BOMB,  by  W.  E.  Lawson. 
(In  NDRC  Div.  8  Interim  rept.  on  Shaped  Charges, 
N3v.  15-Dec.  15,  1944,  p.  19-22;  Rept.  no. 

SC- 16)  Confidential 


I.  A  follow-through  modification  of  the  Navy 
scatter-bomb  designed  to  increase  the  damage 
to  outer  and  tnr.cr  pressure  hulls  of  a  submarine  13 
described.  A  diagram  of  the  proposed  modification 
Is  Included.  TI.  Loading  data  for  6  Mark  16  Mod.  1 
and  4  Mark  13'  Mod.  1  full-scale  warheads  are 
given.  IH.  Mo  additional  lnlormatlon  Is  given. 


L842 


du  Pont  de  Nerr>ouro,  E.  T. ,  &  Co.  _ 

SHAPED  CHARGES  FOR  UNDERWATER  USB. 

I;  SHAPED  TORPEDO  WARHEADS.  U.  DE¬ 
VELOPMENT  OF  ANTISUBMARINE  FOLLOW- 
THROUGH  BOMB,  by  W.  E.  Lawson.  (In  NDRC 
Dir.  8  Interim  rept.  on  Shaped  Charges,  Dec.  15, 
1944-Jan.  15,  1945,  p.  28-35,  Kept.  no.  SC-17) 


?.  Mark  13  Mod.  1  and  Mark  16  Mod-  1  experi¬ 
mental  warheads  were  tested  against  a  target 
consisting  of  a  sequence  of  plates. Interspaced 
with  water,  II.  Tentative  designs  of  a  base  luxa 
and  an  interrupted  detonator  system  are  shown. 


L843 

du  Pont  de  Nemours,  E.  1. ,  &  Co. 

SHAPED  CHARGES  FOR  UNDERWATER  USE. 

I  SHAPED  CHARGE  TORPEDO  WARHEADS. 

ti.  development  of  antisubmarine  fol¬ 
low-through  BOMB,  by  W.  E.  Lawson.  (In 
NDHC  Div.  8  Interim  rept.  on  Shaped  Charges, 
Jan.  15-Feb.  15,  1945,  p.  10-14;  Rept,  no.  SC-18) 

dAnilnl 


iP 


A 

D 
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1.  One- sixth  scale  Mark  13  Mod.  1  warhead 
models  were  fired  against  a  similarly  scaled 
model  target.  D.  Two  bomb  assemblies,  1  with 
an  inert  loaded  follow-through  projectile  and  l 
with  a  live  loaded  follow-through  projectile,  were 
tested.  ’  f, 
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du  Pont  de  Nemours,  5.  1.,  6  Co.  (OEMar-764). 
ANTISUBMARINE  SCATTER  BOMB;  A  BRIEF 
DISCUSSION  OF  THE  BOMB  AND  ITS  PER¬ 
FORMANCE  IN  STATIC  TESTS,  by  C.  O.  Divio 
and  others.  Mar.  31.  1943,  14p.  Ulus,  tables,  ! 

_  nt  pAnfidAnMnl 


Specifications  and  descriptions  ol  the  various 
components  for  an  antisubmarine  shaped  charge 
scatter  bomb  are  presented.  Results  of  static 
performance  tests  of  such  a  bomb  and  Its  effect 
on  a  submarine  are  discussed. 
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du  Pont  de  Nemours,  E.  L,  fc'Co.  (OEMsr-704). 
TESTS  OF  SHAPED  CHARGE  MARK  13  MOD.  1 
WARHEADS  AT  ABERDEEN  PROVING  GROUND, 
by  C.  O.  Davis  and  others.  Dec.  23,  1943,  12p. 
illus.  dlagrs.  (NDRC  Div.  8)  Confidential 

Tests  on  this  model  of  warhead,  some  ol  which 
have  steel  and  others  Fe  liners,  are  described. 

The  primary  purpose  was  to  obtain  assurance  that 
satisfactory  liners  could  be  fabricated  b7  hand 
from  sheet  metal.  The  magnitude  and  pattern  of 
air  blast  pressures  Were  also  Investigated,  (These 
tests  are  also  discussed  In  item  nos.  L305  and 
LBUS.) 
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du  Pont  de  Nemours,  E.  T. ,  6  Co.  (OEMsr-764). 
SHAPED  CHARGES  FOR  UNDERWATER  USE. 

I.  SHAPED  CHARGE  TORPEDO  WARHEADS. 

H.  AS  FOLLOW-THROUGH  BOMB.  HI.  IN¬ 
FLAMMABILITY  AND  BALLISTIC  MORTAR 
STRENGTH  OF  ALUMINIZED  EXPLOSIVES,  by 
V/ .  E.  Lawsoir.  (In  NDRC  Dir.  8  Interim  rept.  on 
Shaped  Charges,  Feb.  15-Mar.  15,  1S45,  p.  21-26; 
Rept.  no.  SC-  19)  Confidential 


I.  Measures  to  be  taken  to  Insure  the  production 
ol  charges  It cc  from  defects  are  listed.  Reauiin 
of  tests  of  1:6  scale  Mark  13  Med.  3  models  are 
given.  H.  Modifications  to  eliminate  damage  to 
the  follow- through  projectile  were  tested.  HI.  In¬ 
flammability  and  mortar  tests  were  made  on 
Torpex  n,  Mlnol  H,  HBX,  Ccmp.  B.  tnt,  and 
80/20  TNT/A1. 


du  Pont  de^Nemours,  E.  T.,  &  Co.  (OEMsr-764). 
SHAPEu  CHARGES  FOR  UNDERWATER  USE 
I.  SHAPED  CHARGE  TORPEDO  WARHEADS. 

H.  ANTISUBMARINE  FOLLOW-THROUGH  BOMB, 
in.  UNDERWATER  SCALING.  IV.  UNDERWATER 
PENETRATION  WITH  CAST  LEAD  CONES,  by 
W.  Cj.  Lawson.  (In  NDRC  Div.  8  Interim  rept.  on 
Shaped  Charges,  Mar.  I5-Apr.  15,  1345,  p.28-30; 
Rept.  no.  SC-20)  Confidential 


I.  Descriptions  of  45“,  19.75-in.  diameter  steel 
liners,  and  tests  to  be  made  with  these  liners  are 
presented.  II.  Tests  made  with  antisubmarine 
follow-through  bombs  are  reported.  HI.  Testa 
were  made  with  3-in.  diameter  45°,  00°,  and  90* 
liners  of  optimum  wall  thickness.  TV.  Underwater 
penetration  with  3-in.  diameter  90°  angle,  0. 134-ln. 
waU,  welded  and  annealed  Pb  liners  Is  described. 


du  Pont  dc  Nemours,  E.  I. ,  &  Co.  (OEMsr-764). 
SHAPED  CHARGES  FOR  UNDERWATER  USE. 

I.  SHAPED  CHARGE  TORPEDO  WARHEADS. 

H.  AS  FOLLOW-THROUGH  BOMB,  byW.  E.  Law- 
son.  (In  NDRC  Div.  8  Interim  rept.  on  Shaped 
Charges,  Apr.  15-May  15,  1945,  p.  20-32;  Rept. 
no.  SC-21)  Confidential 


I.  Six  full  .scale  Mark  13  Mod.  I  warheads 
<19. 75-ln.  diameter,  45°  steel  liners)  were  fired 
against  multiplate  and  caisson  targets.  Three  of 
these  warheads,  were  loaded  with  Torpex  H  and  3 
with  Comp.  B.  Results  of  firing  tests,  loading 
data,  and  a  revised  design  of  this  warhead  are 
included.  II.  Loading  data  and  results  of  firing 
tests  to  evaluate  use  of  5-sec.  delay  fuze  in  3 
follow-through  projectiles  are  tabulated.  An  ex¬ 
perimental  dc«ign  of  the  antisubmarine,  follow- 
through  bomb  is  included. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co.  (OEMsr-764). 
SHAPED  CHARGES  FOR  UNDERWATER  USE.  * 
I.  SHAPED  CHARGE  TORPEDO  WARHEADS. 

U.  UNDERWATER  SCALING.  III.  AS  FOLLOW- 
THROUGH  BOMB,  by  W.  E.  Lawson.  (In  NDRC 
Div.  8  Interim  rept.  on  Shaped  Charges,  May  15- 
June  15,  1945,  p.  23-34;  Rept.  no.  SC-22J 

Confidential 


I.  A  Mark  17  conventional  warhead,  containing 
1000  lb.  of  TNT,  fired  against  a  full-scale  caisson 
did  less  damage  than  the  Mark  13  shaped  charge 
warhead  containing  428  lb.  of  Torpex  IL  IL  The 
ri<*i*>*Ti!ination  ol  underwater  penetrations  for  Q-in. 
45°,  60'' ,  and  90°  steel  liners  against  0. 25-in. 
and  0. 5-ln.  targets  was  completed.  IIL  Testa 
were  described  previously  In  which  follow-through 
was  obtained,  but  the  projectile  was  always  re¬ 
covered  in  2  or  3  large  fragments.  Additional 
tests  with  complete  bombB  showed  that  the  primer 
detonator  5  sec.  delay  fuze  was  at  fault. 


du  Pont  de  Nemours,  E.  I.?  fir  Co.  (OEMsr-764), 
SHAPED  CHARGES  FOR  UNDERWATER  USE 
I.  SHAPED  CHARGE  TORPEDO  WARHEADS. 

H.  AS  FOLLOW-THROUGH  BOMB,  byW.  E.  Law- 
son.  (in  NDRC  Div.  8  Interim  rept.  on  Shaped 
Charges,  June  15-July  15,  1945,  p.  21-24;  Rept. 
no.  SC-23)  Confidential 


I.  Existing  facilities  for  the  manufacture  of 
19.75-in.  diameter  45°  angle  steel  liners  were 
investigated.  D.  Set-back  and  set-forward  forces 
connected  with  the  repeated  faUure  of  the  5  sec. 
primer-detonator  delay,  used  in  the  follow-through 
projectile,  were  determined. 


du  Pont  de  Nemours,  E.  I.,  &  Co.  (OEMsr-7C4). 
SHAPED  CHARGES  FOR  UNDERWATER  USE 
I.  SHAPED  CHARGE  TORPEDO  WARHEADS.  IL 
ANTISUBMARINE  FOLLOW-THROUGH  BOMB, 
by  W.  E.  Lawson.  (In  NDRC  Div.  8  Interim  rept 
or.  Shaped  Charges,  July  15-Aug.  15,  1945,  p.  6-8: 
Rept.  no.  SC-24)  Confidential 


I.  Results  of  shots  fired  at  normal  Incidence 
revealed  that  with  0.304-scale  Mark  13  Mod.  1 
warheads  and  a  scale  model  of  the  Solomons  multl- 
p'ate  target  (all  water-loaded),  Cu  liners  were 
equivalent  to  steel,  HBX3  was  Inferior  to  Terpen 
n,  60°  liners  were  Inferior  to  45°  liners,  and  a 
partially  tilled  ogive  interferred  with  jet  penetra¬ 
tion.  n.  No  additional  Information  Is  given. 


du  Pont  de  Nemours,  E.  I.,  fir  Co.  (OEMar-764). 
SCALING  LAWS  FOR  UNDERWATER  PENETRA¬ 
TION  WITH  CAVITY  CHARGES,  by  J.  K.  Detrick 
and  others.  Final  rept.  Aug.  1,  1945,  4p.  tables, 
diagrs.  (NDRC  Div.  8)  OSRD  5392  Confidential 
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Underwater  oenetratlon  of  shaped  charges  con¬ 
taining  steel,  Cu,  and  Pb  liners  (45”-120°  apes 
angles)  was  measured  at  0.  fl-liner  diameter 
standoff  by  determining  the  range  lor  5G%  perfora¬ 
tions  of  0. 25-ln.  and  0.  5-in.  olid  steel  plate. 
Equations  were  derived  from  these  data  for  3-in. 
and  8-in.  diameter  liners  and  from  Explosive 
Research  Laboratory's  data  for  1.63-in.  diam¬ 
eter  liner  relating  optimum  liner  thickness  and 
maximum  penetration  with  liner  diameter  and 
apex,  angle.  . 
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du  Pont  de  Nemours,  E.  L,  6  Co.  (OEMsr-764). 
DEVELOPMENT  OF  THE  ANTISUBMARINE 
SHAPED’  CHARGE  SCATTER  BOMB,  by 
W.  E.  Klrst  and  others.  Final  rept.  Oct.  1,  1945, 
lip.  Ulus,  diagrs.  (NDRC  Dlv.  8)  OSRD  5700 

Confidential 

The  development  of  a  shaped  high  explosive  charge 
for  use  in  the  antisubmarine  scatter  bomb  was 
completed  by  investigation  of  the  following  com¬ 
ponents  of  the  charge:  liner  material,  liner  shape, 
type  of  explosive,  standoff,  liner  thickness,  apex 
angle,  and  effect  of  liner  mutilations.  Results 
of  underwater  performance  tests  and  bomb  design 
data  are  included. 
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du  Pont  <3e  Nemours,  E.  T. ,  &  Co.  {OEMsr-764). 
SHAPED  CHARGE  TORPEDO  WARHEADS,  by 
J.  X.  Detrick.  Final  rept.  Oct.  9,  1945,  15p. 
Ulus,  diagrs.  (NDRC  Dlv.  8)  OSRD  5752 

Confidential 

In  the  development  of  a  shaped  charge  torpedo 
warhead,  emphasis  was  placed  on  the  adaption  of 
the  Mark  13  Mod.  1.  Tests  at  both  reduced  and 
full-scale  led  to  the  recommendation  of  a  19.75-ln. 
diameter,  45“  angle,  0.5-in.  wail  Cu  liner  for  this 
warhead.  A  standoff  of  0. -14-liner  diameler  per¬ 
mitted  a  retention  of  73%  of  weight  of  explosive 
used  in  the  standard  Mark  13  Mod.  1.  Comparisons 
of  penetrations  obtained  with  Torpcx  H  (used  In 
standard  warhead),  HBX  lj,  HBX  3,  and  Comp.  B 
filled  rounds  led  to  the  recommendation  lhat 
Torpex  II  or  HBX  l\  be  used.  In  full-scale  tests, 
the  preferred  design  exhibited  penetrating  power 
in  excess  of  that  specified  and  was  definitely 
superior  to  a  standard  warhead  in  a  target  damage 
comparison  against  a  compartmcnted  caisson. 
Tentative’designs  are  also  presented  for  the  Mark 
17  and  Mark  16  Mod.  1  warheads,  but  little  work 
was  done  with  these.  Test  data  are  tabulated; 
charge  designs  and  target  damage  photographs  are 
Included. 
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hi  Pont  de  Nemours,  E.  I. ,  &  Co.  (OEMsr-764). 
ANTISUBMARINE  SHAPED  CHARGE  FOLLOW- 
TIIP.OIJGH  BOMB.  Final  rept.  Oct.  22,  1345, 
lCp.  tables,  diagrs.  Ulus.  (NDRC  Dlv.  8) 

OSRD  5753  Confidential 


An  experimental  bomb,  3. 5  in.  In  diameter  and 
21  in.  long  without  tail  fins  was  developed  which, 
in  static  tests  under  water  at  a  45“  angle  of  attack; 
consistently  perforated  a  reinforced  0. 5-in.  mild 
steel  target  plate  (simulating  outer  hull  ol  a  sub¬ 
marine)  and  propelled  through  this  hole  from  a 
self-contained  mortar  a  delay  fuzed  HE  projectile 
capable  of  rupturing  a  1-in.  mild  steel  plate 
(simulating  the  pressure  hull  of  a  submarine). 

Chief  details  of  the  bomb  covered  In  this  Investiga¬ 
tion  were:  (1)  development  of  the  forward  charge1 
and  follow-through  projectile,  and  (2)  the  evolution 
of  the  complete  experimental  bomb  design. 
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du  Pent  de  Nemours,  E.  L ,  Si  Co.  (W670-ORD-4331). 
THEORY  AND'  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  L.  B.  Seely  and  others.  Rept..  for 
Feb.  1943.  Mar.  11,  1943,  lv.  inch  iUus.  diagrs. 

Confidential 

Experiments  are  reported  on  direction  of  flight  of 
particles  thrown  from  metal  plates,  the  effect  of 
varying  amounts  of  explosive  on  slug  formation, 
the  origin  of  effective  particles  inside  the  liner, 
and  the  recovery  of  particles  from  liners.  Tests 
on  TNT  and  50/50  Ppntollte  pressed  to  various 
densities  are  discussed.  The  shaped  demolition 
charge  M2  containing  10  lb.  of  cast  50/50  Pentollto 
and  no  critical  materials  of  construction  is 
discussed. 
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du  Pont  de  Nemours,  E.  T. ,  &  Co.  (W670-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  W.  R.  Burke  and  others.  Rept.  for 
Mar.  1943.  Apr.  20,  i943,  lv,  LncL  tables, 
diagrs.  Confidential 

Results  Irom  tests  made  on  charges  with  varying 
base  diameters  (9,  10,  11  in.)  and  liner  angles  ul 
60°  and  80°  are  reported.  The  final  design  of  the 
M2  charge  is  shown.  The  effect  of  confinement 
on  penetration  was  reinvestigated  using  a  target 
of  mild  steel  plates  and  liners  of  various  wan 
thicknesses.  During  the  development  of  the  M2, 
various  steel  conical  cavity  liners  were  compared. 
Tests  were  made  on  liners  constructed  from  seg¬ 
ments  and  sections  to  determine  the  effect  on  the 
depth  of  penetrations  and  the  volume  ol  the  hale 
produced,  and  the  feasibility  of  constructing  larger 
liners  from  a  number  ef  segments.  A  graph  of 
hole  volume  vs.  detonation  pressure  is  shown 
which  makes  It  possible  to  predict  the  relative 
effectiveness  of  any  untried  explosive  In  shaped 
charges  knowing  only  Us  composition,  density,  and 
velocity.  Test  results  from  conical  liners  made 
of  Cu,  Pb,  Al,  Zn  and  steel  are  given. 


du  Pont  de  Nemours,  E.  L ,  Sr  Co.  (W67G-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  E.  R.  Griffith  and  others.  HepL 
for  Apr.  1943.  May  19,  1943,  lv.  incL  Ulus, 
diagrs.  Confidential 
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Changes  In  cavity  effect  caused  by  holes,  thin 
spots,  etc. .  in  the  liner  walls  or  by  tubes  or  rode 
within  the  liner  were  studied.  Tests  to  determine 
the  eitect  of  standoff  on  cavity  effect  or  on  hole 
depth,  diameter,  and  shape  were  made  using  tho 
M6  liner  (0.062-in.  wall  thicKness).  Photographs, 
using  the  high  speed  X-ray  technique,  are  shown 
of  cavity  liners  in  various  stages  of  collapse.  An 
experiment  was  performed  to  show  that  the  spall 
knocked  from  the  Inside  of  a  steel  liner  by  tho 
detonation  of  a  thin  layer  of  explosive  proceeds  in 
a  narrow  jet  or  stream  and  Is  focused.  Tho  rela¬ 
tionship  between  detonation  pressure  and  depth 
of  penetration  was  investigated.  Steel  liners  lined 
with  Cu  and  A1  were  tested.  The  effect  of  85%  Pb, 
15%  Sn,  Pb,  and  A1  foil  liners  placed  Inside  steel 
liners  was  studied.  Test  data  on  45-lb.  charges 
are  presented.  The  manufacture  of  welded  steel 
liners  Is  described. 
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du  Pont  de  Nemours,  E.  L ,  G  Co.  (W67C-ORD-43S1). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  L.  B.  Seely  and  others.  Rept.  for 
May  1943.  June  17,  1943,  40p.  incL  Ulus, 
tables,  dlagre.  Confidential 

The  strdy  of  fragment  velocity  from  flat  platen 
was  continued.  Several  30-lb.  charges  were 
tested  against  a  pillbox;  they  breached  the  5-ft. 
walls  completely  with  holes  of  1.5-in.  to  2-ih. 
minimum  diameter.  It  was  found  fhat  the  mere 
formation  of  a  hole  through  the  wall  of  the  pill¬ 
box  with  the  accompanying  blast  wave  was  not 
sufficient  in  itself  to  injure  seriously  the  occupants 
of  the  pillbox.  The  edge  effect  and  the  effect  of 
variation  in  size  and  shape  of  the  detonation  head 
were  studied  by  determining  the  target  penetration 
from  M6  and  M9A1  liners  with  different  charge 
diameters.  In  a  further  attempt  to  tag  the  liner 
debris  so  that  it  could  be  identified  in  the  target, 
MBA1  liners  were  modified  in  various  ways  and 
shot  into  Armco  Fe  targets.  BaU  bearings  were 
suspended  at  various  heights  along  Uie  liner  axis 
Inside  M9A1  steel  liners  to  determine  the  effect 
of  a  small,  hard  obstruction  on  the  cavity  effect 
and  liner  collapse.  The  radiographic  study  of 
shaped  charges  continued  with  the  investigation 
of  the  collapsing  liner  and  the  fragment  stream. 
Technique  improvements  were:  (1J  greatly  Increased 
definition  obtained  by  decreasing  the  distance  from 
charge  to  film  and  Increasing  the  distance  from 
X-ray  tube  to  charge;  (2)  use  of  a  strip  of  relative 
opaque  explosive  (high  PbfNCbj^  content)  along  1 
side  of  the  explosive  charge  to  indicate  the  prog¬ 
ress  of  detonation;  and  (3)  development  of  a 
method  of  timing  the  events  In  the  various  processed 
involved  based  on  the  use. of  Frimacord. 
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du  Pont  de  Nemours,  E.  1.,  &  Co.  (V.'C70-OP.D-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  J.  L.  VerBryclc  and  others.  Rept, 
lor  June  1943.  July  16,  1943,  lv.  incL  illua. 
dlagrs.  Confidential 


Preliminary'  experiments  were  made  on  S5-R>. 
linear  trough  charges  to  determine  the  magnitude 
of  cutting  action  from  these  charges.  M67  liners 
containing  axial  bines  of  1/8-in. ,  3/8-in. ,  and 
5/C- in.  outside  diameter  extending  from  Hie  apea  ■ 
of  the  liner  to  a  paint  3.  5  In.  below  the  base  wero 
tested.  Developmental  progress  Is  reported  one.  • 
35-lb.  Bhaped  charge.  Ceramic  materials  as 
cavity  liners  for  shaped  charges  were  investigated. 
A  series  of  charges  was  studied  having  an  explosive 
column  of  constant  diameter  and  varying  liner 
base  diameter.  The  effect  oi  heavy  confinement  oa 
the  column  length  required  fur  maximum  cavity 
length  was  Investigated.  High  speed  photographic 
studies  of  cavity  effect  are  reporled.  Liners  with 
rods  projecting  into  the  explosive  charge,  M9A1 
liners  sliced  in  half,  liner3  with  windows,  liners 
containing  petrolatum,  and  half  Uner6  were  studied. 
The  Klstiakowsky  experiment  is  discussed  In  which 
the  target  plate  was  placed  some  distance  beyond’tho 
liner  base  to  determine  If  the  penetrating  stream 
remained  focused. 
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du  Pont  de  Nemours,  E.  I.,  &  Co.  (W670-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  J.  C.  Clark  and  others.  Rept.  for 
July  1943.  Aug.  21,  1943,  lv.  IncL  Ulus,  dlagro. 

Confidential 

High  speed  radiographic  studies  o!  controlled 
fragmentation  were  continued.  A  linear  5-lb. 
charge  for  cutting  structural  teams  is  described. 
Testa  were  made  with  3-,  4-,  i  .id  5-ln.  heavily 
confined  charges  to  determine  at  what  point  the 
penetration  dropped.  Results  for  shaped  charges 
fired  7°  from  the  plane  of  the  target  at  1.  5-,  2-, 

3-,  5-,  and  7-ln.  standoff  are  reported.  In  the 
Investigation  of  large-scale  liners  a  10- In. ,  60° 
cone  was  manufactured  In  segments  Joined  to¬ 
gether  by  dowel  pins.  Performance  of  the  seg¬ 
mented  liner  was  not  as  satisfactory  as  that  of 
the  regular  iiner. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  J.  C.  Clark  and  others.  Rept.  for 
Aug.-Sept.  1913.  Oct.  20,  1943,  lv.  incl.  ilium 
dlagrs.  Confidential 

The  alignment  of  liners  of  wedge  shaped  cavities 
with  the  charge  axis  Is  discussed.  Tests  are  re¬ 
ported  in  which  the  confining  wall  thickness  was 
varied  in  the  range  0.  5  to  0  in.  corresponding  to 
an  explosive  weight  equal  to  approximately  10  to 
90%  of  the  total  weight  of  the  charge.  Standard 
1.  83  x  6  in.  explosive  charges  with  unliced  M9A1 
Ehaped  cavities  In  1  end  were  fired  against  a  3-in. 
thick  mild  steel  plate  from  0  standoff.  Measure¬ 
ments  of  depth,  entry  diameter,  and  volume  of 
the  crater  formed  In  the  target  were  made.  Bi¬ 
metallic  liners  were  Investigated  with  special  - 
attention  to  steel  liners  lined  with  various  metals. 
The  possibility  was  Investigated  of  removing  some 
of  the  explosive  frem  the  lower  liner  section  in 
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order  to  increase  the  depth  of  penetration  and  at 
the  same  time  retain  a  charge  of  large  diameter 
at  the  top.  In  the  investigation  of  scale-up  laws 
for  steel  liners  against  concrete  targets,  the 
properties  of  M9A1  shaped  charges  (1.  64-ln. 
diameter)  were  studied.  Ease  of  initiation  tests 
of  cast  60/50  Pentolite  led  to  an  investigation  of 
the  Engineers  Special  Caps  and  Primacord  to 
determine  their  degree  of  dependable  initiation. 

LB  63 


9 

liner  thickness  continued  with  tests  of  1.63-  and 

1.88-in.  diameter  charges.  The  study  af  effect 

of  target  temperature  on  shaped  charge  perform-  -  ,‘- 

ance  continued  with  the  firing  of  2  a  6  in.  Pentolite 

charges  bearing  60°  glass  liners  into  mild  steel 

blocks  at  -10  C  and  at  +96°C.  Test3  were  made  to 

determine  the  effectiveness  of  the  lower  portion  of 

the  liner  for  unconfined  charges.  A  fountain  O 

charge  1b  being  designed  which  will  defeat  a  1-in. 

mild  steel  target. 
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du  Pont  de  Nemours,  E.  I.,  &  Co.  (W670-OKD-433I). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  J.  C,  Clark  and  others.  P.ept.  for 
Oct.  1943.  Nov.  39,  1943,  lv.  IncL  Ulus,  diagrs. 

Confidential 

An  investigation  of  small  charges  with  strips  of 
thin  Pb  foil  placed  along  an  element  of  the  cylin¬ 
drical  surface  revealed  that  the  width  of  the  Image 
of  the  moving  foil  was  an  index  of  the  duration  of 
the  discharge,  and  that  the  nature  of  the  image  of 
the  moving  foil  indicated  the  nature  of  the  dis¬ 
charge.  An  investigation  of  linear  cavity  charges 
was  concerned  with  determination  of  optimum 
standoff  as  a  function  of  liner  angle,  ana  determina¬ 
tion  of  ihe  relation  of  liner  thickness  to  liner  angle 
with  standoff  fixed  at  optimum.  M2  (6-in.  diam¬ 
eter)  charges  with  60/40  Cycloiol,  50/50  Pentolite, 
75/25  Tetratol,  55/45  Ednatol,  60/40  Amatol,  and 
TNT  were  fired  against  a  5-ft.  reinforced  concrete 
target  from  a  standoff  of  6  in.  A  study  was  made 
of  the  position  of  the  initiation  point  along  the 
charge  axis  for  best  performance.  A  fast  method 
of  cutting  nylon  rope  using  Prlmncord  is  described. 

L864 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  J.  C.  Clark  and  others.  Rept.  for 
Nov.  1943.  Dec.  30,  1943,  lv.  incl.  Ulus,  diagrs. 

Confidential 

Radiographs  are  shown  of  jets  from  0.75-in.  diam¬ 
eter  mild  steel  M9AI  liners  sliced  into  halves  from 
base  to  apex.  Tests  against  steel  targets  with  M2 
charges  containing  various  explosives  are  reported. 
A  study  of  collapse,  Jel  formation,  and  fragment 
recovery  of  steel  cones  with  80“-180°  apex  angles 
was  made.  Optimum  liner  thickness  with  45°, 

60°,  80°,  and  100°  cones  of  4-  and  8-in.  diameter 
was  investigated.  The  variation  of  cavity  effect 
with  charge  length  and  liner  thickness  was  also 
studied.  Shaped  charges  for  cutting  steel  cables 
were  tested. 

L86S 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331). 
THEORY  AND  APPLICATION  OF  THE  CAVITY 
EFFECT,  by  E.  R.  Griffith,  Jr.  and  others. 

Rept.  for  Dec.  1943.  Jan.  31,  1344,  lv.  incl. 
illus.  diagrs.  Confidential 

The  investigation  of  variation  of  cavity  effect  with 


du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331). 
SHAPED  CHARGES  FOR  PERFORATION  OF 
CONCRETE,  by  C.  O,  Davis  and  others.  May24, 
1943,  lv.  Incl.  Ulus,  diagrs.  (In  cooperation 
with  W145-Eng-4C7)  Confidential 

Experiments  and  tests  leading  to  the  development 
of  the  Ml  and  M2  shaped  charges  for  concrete 
perforation  are  described.  Results  Indicated  the 
need  for  increased  liner  thickness  for  the  Ml 
charge.  Design  data  for  the  M2  are  given. 

L867 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (W670-ORD-4331). 
INVESTIGATION  OF  30-LB.,  35-LB.,  AND 
45-LB.  SHAPED  CHARGES  FOR  CONCRETE 
DEMOLITION,  by  C.  O.  Davis  and  others.  July 
31,  1043,  lip.  Ulus,  diagrs.  Confidential 

In  the  development  of  the  45-lb.  charge  which 
would  perforate  5  it.  of  reinforced  concrete,  GO*. 
70°,  and  80°  conical  liners  and  9-,  10-,  10.  5-, 
and  11-in.  diameter  charges  were  investigated. 

The  30-lb.  charge  was  sufficient  to  breach  a  5-fL 
concrete  wall,  but  the  hole  produced  was  not 
large  enough  to  accommodate  a  Bangalore  torpedo. 
Tests  on  a  35-lb.  charge  (60°  ccnical  liner) 
showed  that  the  hole  produced  when  a  4-ft.  wall  ' 
was  perforated  was  large  enough  to  accommodate 
the  Bangalore  torpedo. 

L868 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (W670-ORD-4331). 
LINEAR  CHARGES  FOR  CONCRETE  BEAM 
AND  PILLAR  CUTTING,  by  W.  R.  Burke  and 
Others.  Jan.  13,  1944,  3p.  lUus.  diagrs. 

Confidential 

Tests  were  made  with  linear  shaped  charges, 

4.  2D  and  0  in.  wide,  wedge  shaped,  with  70° 
internal  angle,  and  of  cast  50/50  Pentolite  against 
reinforced  concrete  beams  and  pillars.  Each  end 
of  the  wedge  liner  was  enclosed  with  half  of  a 
conical  liner  In  an  attempt  to  Increase  the  effec¬ 
tiveness  of  the  charge. 

L869 


duPont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331). 

MECHANISM  OF  CONE  COLLAPSE,  byM.  B.  Cook.  O 

Apr.  15,  1944,  lv,  incl.  tables,  diagrs. 

Confidential  ’ 


m 


.  151 


SECRET 


SECRET 


SHAPED  CHARGES 


Observed  racts  including  continuous  decrease  in 
the  particle  velocity  from  the  head  to  the  rear  of 
the  jet  and  the  variation  In  the  mass  ol  the  jet, 
secondary  jet,  liquid  and  particle  jets,  motion  of 
slug,  and  effect  of  mass  of  liner  on  cavity  effect 
were  explained  quantitatively  by  considering  tho 
finite  conical  liner  thickness,  and  assuming  that 
the  wall  was  divided  into  independently  moving 
layers.  The  original  spall  theory  was  abandoned, 
but  the  theory  that  the  impulse  action  of  the  detona¬ 
tion  wave  is  responsible  for  the  effect  was  re¬ 
tained.  Additional  considerations  of  the  theory  of 
ihe  interaction  of  the  detonation  head  with  normal 
and  oblique  liners  are  presented. 

L370 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (WS70-OKD-4331). 
DEVELOPMENT  OF  SHAPED  CHARGES  FOR 
CUTTING  5-TN.  STEEL  SHAFTING,  by 
C.  P.  Spaeth  and  others.  Final  rept.  July  1,  1044, 
3p.  tables,  diagrs.  Confidential 

A  6.  5-lb.  linear  charge  of  50/50  Pentollte  con¬ 
taining  a  thick  steel  wedge  liner,  and  a  3.75-lb. 
cylindrical  charge  ol  50/50  Pentollle  containing  a 
thick  steel  conical  liner  were  tested  against  5-ln. 
mild  steel  shafting. 

LB71 

du 'f’ont  de  Nemours,  E.  I.,  &  Co.  (WG70-ORD-4331). 
MISCELLANEOUS  PROJECTS,  by  E.  R.  Griffith, 

Jr.  and  others.  Final  rept.  July  24,  11H4,  lv.  • 
incl.  illus.  Confidential 

Large  angle  liners  (30°-180'’)  haring  a  wall  thick¬ 
ness  of  0. 043-0.  056  in.  were  tested  at  standoffs  of 
2-7  diameters.  The  target  was  7  spaced  mild  ■ 
steel  plates.  The  effect  of  liner  wall  thickness 
(0.03B-0. 062  in.)  on  the  slug  size  and  penetration 
was  studied  on  M6  liners  of  42°  apex  angles  and 
2. 07-in.  base.  Formation  of  a  concave  detonation 
wave  was  attempted  by:  (a)  inserting  truncated 
steel  liners  filled  with  Pb,  and  (b)  tapering  the 
charge  upward  and  downward  from  a  line  just 
above  the  apex  of  the  liner  and  inserting  a  solid 
steel  liner  at  this  line.  The  results  of  the  tests  on 
the  penetration  effect  were  inconclusive.  Collapso 
of  glass  liners  and  the  behavior  of  the  slug  were 
studied  on  45°  Pb  glass  and  60°  Pyrex  liners  by 
tank  shot  method  and  on  60°  Pb  glass  liners  radio¬ 
graphically.  The  effectiveness  of  a  mixture  of 
PETN  28.  5,  TNT  28.  5,  and  RDX  43%  In  shaped 
charges  was  compared  to  that  of  60/40  Cyclotol  and 
50/50  Pentollte.  Comparative  tests  were  made  on 
the  Denetratlon  of  hemispherical  liners,  whole  and 
with  top  removed.  The  effect  of  pouring  tempera¬ 
ture  (80°-100°  C)  of  50/50  PentoUte  on  its  detonation 
through  a  gilding  metal  cap  well  wi3  studied. 

L872 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (WB70-ORD-4331, 
ProJ.  no.  TTS-15). 

DEVELOPMENT  OF  THE  FOUNTAIN  CHARGE, 
by  L.  A.  Burrows  and  others.  Final  rept.  Oct.  2, 
1944,  25p.  incl.  tables,  diagrs.  Secret 


Experimental  work  is  described  on  the  Fountain 
charge,  a  shaped  charge  device  for  use  as  n 
sabotage  weapon.  The  objective  was  a  shaped 
charge  which  would  perforate  a  I -in.  thick  mild 
steel  pli-.te  from  a  distance  of  10  ft.  (representing 
a  locomotive  boiler)  and  2  1-ln.  mild  steel  plates 
at  distances  of  2  ft.  and  3  it.  from  the  charge  (rep¬ 
resenting  a  locomotive* cylinder).  Best  resultu 
were  obtained  with  drawn  steel  60*  liners  Sind 
heavier  (0. 130  In.)  drawn  A1  liners.  Annealing  the 
drawn  steel  liners  did  not  affect  their  performance. 
In  static  tests  made  with  3  scrap  locomotives  ao 
targets,  both  steel  Ar.d  A1  lined  charges  made 
holes  through  the  bottom  and  top  of  the  cylinders, 
stopping  In  the  steam  chest;  both  types  also  per¬ 
forated  the  bottom  of  a  boiler  and  bent  or  broke 
several  of  the  lower  tubes.  Essentially  the,  same 
results  were  obtained  with  the  locomotive  running 
at  20  m.  p.  h.  Since  A1  did  not  show  any  advantage 
over  steel  kLO  £  liner  material,  steel  was  adopted  • 
for  the  final  design. 
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da  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-43SI). 
SHAPED  CHARGES  FOR  CUTTING  2-1N.  STEEL- 
CABLE  AND  1-IN.  AND  1. 5-IN.  ANCHOR 
CHAINS,  by  L.  H.  Wilson  and  others.  Final  rept. 
Nov.  8,  1944,  6p.  illus.  diagrs.  Confidential 

Cavity  charges  tasted  for  cutting  2 -in.  stranded 
steel  cable  and  1,  1.5-tn.  diameter  anchor  chains 
comprised  55/45  PentoUte  cast  over  a  1/3-cy- 
llndrlcal  hard  brass  Unear  cavity  liner  in  a  gal¬ 
vanized  Fe  container.  The  charge  was  bolstered 
with  a  4. 5-g.  pressed  Pentollte  pellet  and  Initiated 
with  a  no.  6  electric  detonator. 

L874 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (WB70-ORD-4331, 
ProJ.  no.  TIB-1). 

EVALUATION  OF  DEEP-DRAWING  STEELS 
FOR  MANUFACTURE  OF  CAVITY  CHARGE 
CONES,  by  W.  R.  Burke  and  others.  Final  rept. 
Dec.  6,  1944,  lv.  incl.  illus.  diagrs. 

Confidential 

Ten  representative  types  of  deep  drawn  steel  were 
tested  and  evaluated  for  use  In  conical  UnerB  for 
shaped  charges. 

L875 

du  Pont  de  Nemours,  E.  I. ,  £r  Co.  (W670-ORD-4331). 
SHAPED  CHARGES  IN  PROCESS  OF  DEVELOP¬ 
MENT  AT  EASTERN  LABORATORY.  Summary 
rept.  Dec.  15,  1344,  I8p.  incl.  diagrs. 

Confidential 

Descriptions,  performance,  and  materials  of 
construction  are  given  for  the  following  grenades: 
10- in.  T24;  10-in.  KFT  (follow-through  grenade); 
Spigot,  HEAT  T21  for  guns  37-mm.  M3  and  M3A1 
device  M;  rifle,  AT,  M9A1;  and  for  the  shaped 
charge  bomb,  200Q-lb. ,  AN  M66A1  modified. 
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Several  grenades  are  Included  that  are  not  shaped 
charge  weapons.  Data  are  given  ox*  a  2800— lt>. 
lot  of  70/30  Cyclolol. 


1.076 

duPont  de  Nemours,  E.  L,  A  Co.  (W67Q-QRD-433L, 
ProJ.  no.  TTS-r5T). 

DEVELOPMENT  OF  AN  IMPROVED  HEAD  FOR 
2.36-IN.  ROCKET  HEAT,  by  L.  B.  Seely  axrf 
others.  Summary  rept.  Jan.  13,  1945,  4p.  tables, 
dlagrs.  Confidential 

An  Improved  head  for  this  rocket  was  developed 
by  using  a  Cu  liner.  Cyclotol  rather  than  Ponto- 
lite,  and  increasing  the  length  .of  the  body  and  the 

ogive. 

L877 

du  Pont  de  Nemours,  E.  I. ,  4r  Co.  (W670-ORD-4331, 
Pro],  no.  TTS-167). 

PERFORMANCE  OF  PORCELAIN  ENAMELED  * 
STEEL  CONES  IN  CAVITY  CHARGES  [♦  title 
should  read  "IRON  CONES"],  by  E.  R.  Griffith 
and  others.  Final  rept.  Jan.  19,  1945,  4p.  incl. 
tables.  Confidential 

Tests  on  Armco  Fe  liners  coated  with  porcelain 
enamel  are  described.  Comparison  Is  made  with 
■  unenameled  Armco  Fe  liners  and  steel  liners 
having  approximately  the  same  total  thickness  as  the 
enameled  liners. 


LB70 

duPont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331, 
Pro],  no.  TTS-136), 

.  FUNDAMENTAL  INVESTIGATION  OF  GLASS 
CONES  FOR  USE  IN  CAVITY  CHARGES,  by 
W.  R.  Burke  and  others.  Progress  rept.  Jan.  25, 
1945,  6p.  tables,  dlagrs.  Conlidentlal 

Results  of  tests  using  glass  liners  are  described. 
Only  standoff  and  apex  angle  were  evaluated  before 
the  program  was  postponed. 


1*880 

du  Pen!  de  Nemours,  E.  I. ,  &  Co.  (WG70-ORD-4331, 
Proj.  no.  TTS-9). 

DEVELOPMENT  OF  SHAPED  CHARGE  M2  A3, 
by  W.  R.  Burke  and  others.  Final  rept.  Feb.  23, 
1945,  lOp.  tables,  dlagrs.  ’  Confidential 

Experiments  on  and  development  of  shaped  demoli¬ 
tion  charges  M2,  M2A1,  M2A2,  and  .12 A3  are 
described..  Lining  the  detonator  cavity  with  gilding 
metal  shell  gave  improved  Initiation.  Six  explo¬ 
sive  compositions  were  tested  for  effectiveness. 
Bullet  sensitivity,  the  effect  of  submersion  of 
charges  In  water,  and  malalignment  were 
investigated. 


1*881 

du  Pont  de  Nemours,  E.  L,  fir  Co.  (WC7C-OHD-4331). 
CAVITY  CHARGES  FOR  CONCRETE  BEAM 
AND  PILLAR  DEMOLITION,  by  P.  H.  Wornom 
and  C.  P.  Spaeth.  Final  repL  Mar.  15,  1945,  5p. 
lllus.  dlagrs.  Confidential 

Linear  and  cylindrical  charges  were  tested  against 
reinforced  concrete  beams  and  pillars.  Since 
2  35-lb.  semicircular  charges  f'red  simultaneously 
failed  to  cut  any  of  the  reinforcing  bars  in  the 
column,  they  were  not  tested  on  other  targets. 
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du  Pont  de  Nemours,  E.  I.,  &  Co.  (WC70-ORD-4331, 
Proj.  no.  TTS-137). 

FUNDAMENTAL  INVESTIGATION  OF  LINEAR 
CAVITY  CHARGES,  by  P.  H.  Wornom  and  others. 
Final  rept.  Mar.  15,  1945,  5p.  tables,  dlagrs. 

Conlidentlal 

The  results  of  an  Investigation  of  the  effect  of  apex 
angle  (60°-120°)  liner  thickness  (.02S-.C32  In.), 
charge  weight  and  shape,  liner  material  (steel), 
and  standoff  (0-4  in.)  on  the  penetration  of  linear 
shaped  charges  arc  presented.  No  conclusions  are 
drawn. 
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du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W870-ORD-4331, 

Proj.  no.  TTS-129). 

PERFORMANCE  OF  COPPER  CLAD  STEEL 
CONES  IN  CAVITY  CHARGES,  by  E.  P.  Griffith 
and  C.  P.  Spaeth.  Progress  rept.  Feb.  5,  1945, 

4p.  tables,  dlngr.  Confidential 

Experimental  work  to  evatuate  Cu-clad  steel  cones 
as  Uners  is  described.  Tests  Indicated  that  steel 
liners  clad  on  the  Inner  surface  with  0.  DIB  in.  of 
Cu  gave  an  average  depth  of  penetration  midway 
between  those  given  by  all-steel  and  all-Cu  liners, 
and  that  the  Cu-clad  liner  required  a  greater 
standoff  than  the  steel  liner. 
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du  Pont  de  Nemours,  E.  I.,  &  Co.  (WC70-ORD-4331). 
EVALUATION  OF  EXPLOSIVES  FOR  USE  IN 
CAVITY  CHARGES  -  70/30  CYCLOTOL  AND 
PTX2,  by  P.  H.  Wornom  and  others.  Progress 
rept.  Apr.  11,  1945,  7p.  tables,  diagre. 

Confidential 

The  explosives  50/50  Pentolite,  PTX2,  70/30 
Cyclotol,  and  65/35  Cyeiotol  were  investigated 
for  pourabllity,  density,  sensitivity,  segregation, 
and  performance  in  cavity  charges.  Boosters 
required  to  produce  maximum  cavity  effect  for 
70/30  Cyclotol  and  PTX2  were  Investigated. 
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cfu  Pont  de  Nemours,  E.  I.  „  Sr  Co.  (W67P-ORD-4331, 
Pro},  no.  TTS-26). 

-  EVALUATION  OF  THINNER  STEEL  CONES  IN 
ROCKET,  HEAT,  2. 36-IN.  M6A3,  by  L.  B.  Seely 
and  others.  Final  rept.  May  7,  1945,  6p.  llluo. 
diaEr-  Confidential 

Tests  bn  steel  liners  of  various  thicknesses  lor 
this  rocket  are  reported.  Three  factors  were 
investigated:  distortion  or  displacement  of  the 
liner  on  target  Impact,  standoff,  and  confinement. 

L885 

du  Pont  de  Nemours,  E.  I..  Sr  Co.  (W670-ORD-433IJ 
EVALUATION  OF  EXPLOSIVES  FOR  USE  IN 
CAVITY  CHARGES  -  70/30  CYCLOTOL,  65/35 
CYCLOTGL  AND  PTX2,  by  P.  II.  Wornom  and 
others.  Final  rept.  May  16,  iS45,  lOp.  tables, 
diagrs.  Confidential 

PTX,  65/35  Cyclotol,  and  70/30  RDX-TNT  were 
investigated  as  possible  replacements  for  the 
Pentolite  filler  used  in  shaped  charges. 

LB86 

du  Pont  dc  Nemours,  E.  I.,  &  Co.  (W670-ORD-4331 
Pro},  no.  TTS-193).  ' 

GRENADE,  SPIGOT,  HEAT.  T30  FOR  57-MM. 
GLN  Ml,  by  W.  R.  Burke  and  others.  Final 
rept.  July  21.  1945,  lOp.  tables,  diagrs. 

Confidential 

Work  on  a  shaped  charge  spigot  grenade  for  the 
57-mm.  gun  Ml  up  to  the  time  of  cancellation  of 
the  project  is  described.  A  design  is  proposed 
for  an  A1  grenade  weighing  29  lb.  with  a  45"  Cu 
liner  and  an  8-lb.  HE  cnarge.  A  spitback  shaped 
charge  element  was  suggested  as  part  of  the  fuze. 

L887 

du  Punt  de  Nemours,  E.  I. ,  &  Cc.  (W670-ORD-4331) 
EFFECT  OF  SEPARATION  OF  CONE  FROM 
EXPLOSIVE  CHARGE,  by  C.  P.  Spaeth  and 
P.  H.  Women!.  Final  rept.  Aug.  12,  1945,  4p. 
tables,  diagrs.  Confidential 

The  effect  of  separation  of  the  liner  and  explosive 
on  charge  performance  was  investigated  for  the 
M9A1  grenade  and  the  2.  36-in.  rocket  charges  at 
1-5/8  and  1.5-in.  standoff. 


L888 

du  Pont  de  Nemours,  E.  I. ,  6  Co.  (W670-ORD-4331 
Pro},  no.  TTS-2).  ' 

40-LB.  SHAPED  DEMOLITION  CHARGE  M3,  by 
P.  A.  Coombs  and  others,  Final  rept.  An’.  26. 
1945,  Iv.  incl.  illus.  diagrs.  *"  Confidential 

Experiments  leading  to  the  development  of  the  M3 
(40-lb.)  shaped  charge  for  concrete  perforation  are 
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described.  Drawn  steel  liners  gave  better  per¬ 
formance  than  welded  annealed  liners.  Ao  Improve— 
ment  was  made  in  the  explosive  loadings,  and  a 
more  satisfactory  standoff  pedestal  was  developed. 

L8B9 

du  Pont  de  Nemours,  E.  I. ,  a  Co.  (W870-ORD-4331L 
EVALUATION  OF  THINNER  STEEL  CONES  IN 
GRENADE,  RIFLE,  HEAT,  M9A1.  Final  repL 
Aug.  29,  1045,  4p.  IncL  table.  (Proj.  no. 

TTS-25)  Confidential 

This  investigation  was  undertaken  to  compare  the 
performance  of  M9A1  rifle  grenade  steel  liners 
0. 025  in.  and  0 . 037  in.  thick  under  conditions  ci 
actual  operation.  Static  tests  made  at  a  standoff  . 
of  2  7/13  in.  against  3-la.  homogeneous  armor 
plate  confirmed  the  superiority  of  the  thinner 
liners  as  indicated  below: 


i  a  in  iv  v  vi  vn  vi 

0.037  8  160  25  0.75  0.31  0.25  1,1 

0.025  B  100  100  0.80  0.37  0.27  0.0 

In  dynamic  tests  the  thinner  lir,a-  was  somewhat 
more  elfective  against  3-ln.  homoplatc  armor  ao 
shown  by  the  following  firing  data: 

i  n  m  rv  v  vi  vn  vin 

0.037  6  100  50  0.7B  0.33  0.26  1.0 

0.025  6  100  100  0.79  0.53  0.31  1.1 

I  =  Hnor  wall  thickness  (in.j;  n=no.  or  rounds; 
Hl=%  perforation;  TV  =%  slugs;  V=avc.  entrance 
diam.  (in.);  VI  =avo.  exit  diam.  (in.);  VII  =  ave. 
min.  diam.  (In.);  vm  =  ave.  depth  to  0. 6-In. 
diam.  (In.) 

However,  the  standard  0. 037-in.  liners  were 
superior  against  4-in.  horeoplale  armor,  per¬ 
forating  3  out  of  3  times,  while  the  0.025-ln. 
liners  perforated  the  plate  only  1  out  of  3  times. 


L8SD 

du  Pont  de  Nemours,  K.  I. ,  &  Co.  (W670-OHD-4331) 
ROCKET,  HEAT,  2.38-IN.,  M6A3  MALFUNC¬ 
TIONING  OF  ROUNDS  MANUFACTURED  BY  THE 
PRILCO  CORPORATION,  by  L.  B.  Seely  and 
others.  Final  rept.  Sept.  10,  1945,  12p.  illus. 
diagrs.  Confidential 

An  investigation  of  the  unsatisfactory  performance 
of  rounds  manufactured  by  the  Philco  Corporation 
Is  reported. 

L091 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670,ORD-4331 
Pro},  no.  TTS-12D). 

PERFORMANCE  OF  COPPER-CLAD  STEEL 
CONES  IN  CAVITY  CHARGES,  by  E.  R.  Griffith 
and  C.  P.  Spaeth.  Final  rept.  OcL  1,  1945,  4p. 
tables.  Confidential 

Tests  of  Cu,  steel,  and  Cu-clad  steel  liners  In 
M9A1  rifle  grenade  and  MEA3  Bazooka  rocket  bodies 
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showed  the  order  of  effectiveness  to  be  Cu,  Cu- 
clad  steel,  and  steeL  Cu-clad  steel  liners  In  MBAS 
bodies  gave  penetrations  very  close  to  those  of  Cu, 
which  were  probably  due  to  a  more  neatly  optimum 
ratio  of  Cu:  steel:  total  wall  thickness  in  the  M0A3 
cones. 

L392 

du  Pont  de  Nemours,  E.  L ,  ir  Co.  (W67Q-ORD-4331, 
Proj.  no.  TTS-151). 

BOMB,  SHAPED  CHARGE,  23  IN.,  byJ.  K.  Det- 
rlck  and  others.  Final  rent.  Oct.  5,  1945,  5p. 
tables,  diagra.  Confidential 

The  design  for  and  tests  made  on  the  23 -In,  bomb 
are  described.  A  60’  steel  liner  18  in.  In  diam¬ 
eter  was  used.  Recommendations  for  design  im¬ 
provements  are  presented. 

L893 

du  Pont  de  Nemours,  E,  L,  (i  Co.  (W670-CRD-4331, 
Proj.  no.  TTS-157). 

IMPROVEMENT  OF  HEAD  OF  ROCKET,  HEAT, 
2.36  IN.,  by  L.  B.  Eccly  and  others.  Final  rent. 
Get.  5,  1945,  21p.  tables,  diagrs.  Confidential 

Two  Improved  heads  for  the  2. 36-in.  Racket 
HEAT  are  described.  Improvement  Is  chiefly  In 
greater  penetrating  power,  which  was  achieved  by 
substituting  Cu  for  steel  liners,  and  increasing  the 
standoff  and  charge  length.  A  comparison  of  ex¬ 
plosive  compositions  Indicated  that  65/35  KDX/TNT 
was  a  belter  explosive  for  small  caliber  shaped 
charges  than  70/30  RDX/TNT  or  PTX2. 

L894 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (W670-ORD-4331, 
Proj.  no.  TTS-116). 

PERFORMANCE  UNIFORMITY  OF  THE  CAR¬ 
NEGIE  INSTITUTE  OF  TECHNOLOGY  STANDARD 
CAVITY  CHARGE,  by  P.  H.  Wornom  and 
C.  P.  Spaeth.  Filial  rept.  Oct.  9,  1945,  lv.  incl. 
tables,  diagrs.  Confidential 

The  results  of  an  investigation  of  factors  affecting 
the  performance  of  the  shaped  charge  noted  tn  the 
title  are  presented.  The  factors  were:  liner 
alignment,  liner  symmetry  and  thickness,  liner 
material,  and  explosive  charge  compositions. 

L895 

du  Pont  de  Nemours,  E.  1.,  li  Co.  (W67D-ORD-4331, 
Proj.  no.  TTS-29). 

DEVELOPMENT  OF  10-IN.  SHAPED  CHARGE 
GRENADES.  GRENADE,  SHAPED  CHARGE, 
10-IN. ,  T24.  GRENADE  SHAPED  FOLLOW- 
THROUGH,  10-rN.  (DEVICE  KFT)  GRENADE, 
DEMOLITION,  10-tN.,  T27,  by  P.  A.  Coombs 
and  others.  Final  rept.  Oct.  16,  1945,  lOp.  llius. 
diagrs.  Confidential 

Experiments  leading  to  the  development  of  the  3 
charges  named  In  the  title  are  Described;  the  last— 

'  named  is  noi  a  shaped  charge.  The  first  contained 


a  47-lb.  cavity  charge  and  a  00“  steel  liner;  a 
modified  M52R1  point-detonating  fuse  was  used 
with  a  Primacord  train  to  carry  the  Initiation  to 
the  rear  of  Ihe  charge.  Iu  the  second,  substantially 
the  same  head  waS  U3ed,  with  a  follow-through  ■ 
projectile  that  depended  on  its  own  momentum  to 
carry  ft  through  the  blast  of  the  forward  charge. 

LB9B 

du  Pont  de  Nemours,  E.  L,  &  Co.  (W670-QRD-4331, 
Proj.  no.  TTS-168). 

IMPACT  SENSITIVITY  OF  MILITARY  EXPLO¬ 
SIVES,  by  J.  E.  Lufkin  and  others.  Final  rept. 
Oct.  30,  1945,  Bp.  illus.  diagrs.  Confidential 

The  results  of  an  investigation  of  the  Impact  sen¬ 
sitivity  of  17  military  explosives  manufactured  in 
Great  Britain,  Canada,  and  the  United  States  are 
presented. 


L8B7 

du  Pont  de  Nemours,  E.  I.,  Co.  (W670-OKD-4331, 
Proj.  no.  TTS-20). 

SHARED  CHARGE  FOR  CUTTING  3/8-iN.  STEEL 
CABLE,  by  J.  L.  VerBryck  and  others.  Final 
rept.  Oct.  31,  1945,  6p.  illuc.  diagrs. 

Confidential 

An  explosive  cutter  charge  for  emergency  cutting 
of  3/8-in.  steel  tow  cable  is  described.  An  ap¬ 
pendix  giving  directions  for  instalUng  the  cutter 
charge  is  Included. 


L698 


An  explosive  cutter  charge  for  emergency  cutting 
of  9/16- In.  steel  tew  cable  for  gliders  Is  described. 
An  appendix  giving  directions  for  installing  the 
cutter  charge  Is  also  Included. 


L899 

du  Pont  de  Nemours,  E.  T.,  &  Co.  (W 670- ORD- 4331, 
Proj.  no.  TTS-158). 

IMPROVEMENT  OF  THE  HEAD  OF  GRENADE, 
RIFLE,  HEAT  M9A1,  by  P.  A.  Coombs  and 
others.  Final  rept.  Nov.  8,  1945,  12p.  Ulus, 
diagrs.  Confidential 

Tests  leading  to  an  Improved  head  for  the  M6A1 
rifle  grenade  are  described.  The  Improvement  was 
accomplished  chiefly  by  substituting  a  thin  Cu 
liner  for  a  steel  liner,,  increasing  the  charge 
length  and  standoff,  and  improving  the  liner  align¬ 
ment  with  the  charge. 


da  Pont  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331, 
Proj.  no.  TTS-23). 

SHAPED  CHARGE  FOR  CUTTING  0/10-IN. 
STEEL  CABLE,  by  J.  L.  VerBryck  and  others. 
Final  rept.  Nov.  5,  194b,  4p.  tables,  diagra. 

Confidential 
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LCDO 

du  Pont  de  Nemours,  E .  I. ,  Er  Co.  (W670-ORB-433J, 
Proj.  ho.  TTS-141). 

GRENADE,  SPIGOT,  HEAT,  T21  FOR  37-MM. 
GUNS  M3  AND  M3A1  (DEVICE  M),  by  J.  K.  De- 
trick  and  others.  Final  rept.  Nov.  12,  1945,  Bp. 
iihjs.  dlagrs.  Confidential 

The  development  of  a  shaped  charge  spigot for  the? 
37-mm.  gun  M3  la  described.  A  drawn  Cu  lines 
of  42*  angle  with  a  flash  tube  through  the  apex  woe 
used.  Performance  test  data  and  recommendationo 
for  changes  fn  design  are  given. 

Li)  01 

du  Pont  de  Nemours,  E.  I.,  £  Co.  (WS70-ORD-4331, 
Proj.  no.  TTS-131). 

BOOSTER  REQUIREMENTS  FOR  CAST  MILI¬ 
TARY  EXPLOSIVES,  by  E.  R.  Griffith,'  Jr.  and 
*  others.  Final  rept.  Nov.  20,  1945,  5p.  illus. 
dlagr.  Confidential 

The  determination  of  minimum  booster  require¬ 
ments  of  13  explosives  for  effective  penetration  fa 
unconfined  cylindrical  charges  is  described. 

L902 

du  Pont  de  Nemours,  E.  I. ,  £-  Co.  (W670-ORD-4331, 
Proj.  no.  TYS-1B9). 

DEVELOPMENT  OF  FOLLOW-THROUGH,  T1 
FOR  SHAPED  CHARGE  M3,  by  W.  R.  Burke 
and  others.  Final  rept.  Dec.  11,  1945,  5p. 
diagrs.  Confidential 

A  device  was  developed  which,  when  attached  to  tho 
45-lb.  shaped  demolition  charge  M3,  would  throw 
a  37-mm.  HE  projectile  into  the  hole  made  bylhe 
M3.  The  device  consist.'  of  a  short-barreled 
mortar  and  a  37-mw.  HE  shell  with  sufficient 
auxiliary  equipment  to  attach  them  to  and  align 
them  with  the  forward  (M3)  charge.  Since  It  wao 
known  that  the  37-mm.  HE  shells  M63  used  as 
loliow-through  projectiles  In  these  units  had  very 
unstable  Right  when  fired  from  unrifled  mortare, 
it  is  thought  that  a  more  stable  projectile  wilt  have? 
to  be  developed  before  the  device  will  give  100% 
performance. 

L903 

du  Font  de  Nemours,  E.  I. ,  &  Co.  (W670-ORD-4331), 
DEVELOPMENT  OF  DESTRUCTOR  T15,  by 
J.  L.  VerBryck  and  others.  Final  rept.  Dec.  14, 
1945,  17p.  bid.  tables,  diagrs.  Confidential 

Development  was  undertaken  on  an  explosive 
charge  that  would  be  capable  of  jettisoning  the 
wings  from  the  jet  propelled  JB2  bomb.  Since  the 
wings  on  the  JB2  were  mounted  on  a  single  spar 
comprising  essentially  a  4.5-ln.  outside  diameter 
x  0.25-in.  wall  pipe,  it  was  thought  that  the  prob¬ 
lem  could  be  solved  by  cutting  this  pipe  with  a 
shaped  charge.  The  final  design  employed  a  1/3-- 
cylindrical  liner  of  brass.  Optimum  liner  dimen¬ 
sions  were  2-in.  diameier  and  0.63-in.  width  at 


the  curved  section,  and  a  wall  thickness  cl 
0.046  In.  A  4G-g.  charge  of  65/35  RDX-TNT  waa 
satisfactory.  Since  it  was  necessary  that  there 
be  no  damage  to  the  gas  tanks,  tests  Indicated  that 
the  spar  could  be  cut  1. 25  in.  from  the  tank  with 
little  damage  to  the  tank.  The  charge  was  retained 
In  a  fixed  position  by  the  single  5/8-in.  cap  screw 
used  Jo  hold  each  wing  on  to  the  spar. 


L964  ' 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W672-ORD-5723). 
HIGH  SPEED  PHOTOGRAPHS  OF  CONE-END 
PENTOLITE  CHARGES.  Rept.  no.  1  on  the  In¬ 
vestigation  of  Cavity  Effect.  Oct-  14,  1042,  lOp. 
Illus.  dlagrs,  (Rept.  no.  RE-3-10,  no.  1) 

■  Confidential 

High  speed  drum  camera  photographs  were  taken 
of  the  detonation  of  shaped  charges  with  M9A1 
drawn  steel  and  pyrex  liners.  The  photographs 
suggested  several  general  conclusions  on  slug 
formation,  glass  liners,  jet  particles,  mechanism 
of  perforation,  and  kinetic  energy  contained  in  the 
Jet. 


L9Q5 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W672-ORD-5723). 
PRELIMINARY  EVALUATION  OF  VARIOUS 
FACTORS  WHICH  INFLUENCE  THE  DEPTH  AND 
DIAMETER  OF  THE  PENETRATION  Ill  ARMOR 
PLATE.  Kept.  no.  2  on  the  Investigation  oi  Cavity 
Effect.  Nov.  9,  1942,  9p.  table,  illus.  (Rept.  no. 
RE-3-10,  no.  2)  Confidential 

Cast  TNT,  50/50  Pentolite  and  60/40  Cyclolol  are 
evaluated  as  explosive  charges,  using  M9A1  liners 
at  various  standoffs  and  from  both  normal  and 
oblique  angles.  The  effects  of  confinement  by 
means  of  steel  tubing  and  the  addition  of  an  ex¬ 
plosive  belt  around  the  liner  base  were  also 
investigated. 


L90S 

du  Pont  de  Nemours,  E.  I.,  &  Co.  (W672-ORD-5723). 
VARIATION  OF  CAVITY  EFFECT  WITH  EX¬ 
PLOSIVE  COMPOSITION,  by  W.  R.  Burke.  Rept 
no.  3  nn  the  Investigation  of  Cavity  Effect  Feb. 

3,  1943,  Iv.  incl.  tables,  diagrs.  (Rept.  no. 
RE-3-10,  no.  3)  Confidential 

Thirteen  explosives  were  compared  by  measuring 
the  hole  volumes  resulting  when  each  was  used  in 
a  shaped  charge  with  a  60°  Pyrex  liner.  The  ef¬ 
fects  of  charge  length,  charge  diameter,  and 
standoff  vere  studied  m  an  attempt  to  find  a  rela¬ 
tionship  between  the  effectiveness  of  an  explosive 
and  its  thcrmochemlcal  or  hydrodynamic  proper¬ 
ties.  An  appendix  outlines  Lhe  hydrodynamic 
theory. 
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L907 

du  Pont  de  Nemours,  E.  1. ,  Si  Co.  (W672-ORD-5723). 
METALLURGICAL  OBSERVATIONS  ON  THE  ' 
CAVTTV  EFFECT,  by  W.  B.  Dc  Long.  Rept. 
no.  4  on  the  Investigation  of  Cavity  Effect.  Feb. 

17,  1043,  lip.  illuB.  (Rept.  no.  RE-3-10,  no.  4) 

Confidential 

The  m -chants  ms  of  liner  disintegration  and.  target 
penetration  were  investigated  by  meiallographic 
examination  ol  holes  produced  by  teat  shots  and 
the  available  remnants  of  liners.  No  conclusions 
could  be  drawn,  but  observations  are  made  on 
penetration,  slug  formation,  target  reaction,  and 
the  effect  of  particles  from  the  liner. 

LB03 

du  Pont  de  Nemours,  E.  I.T  &  Co.  (W672-CRD-5723). 
THEORY  OF  THE  CAVETY  EFFECT,' by 
M.  A.  Cook  and  L.  B.  Seely.  Rept.  no.  5  on  the 
Investigation  of  Cavity  Effect.  Mar.  5,  1943.  19p. 
tables,  dlagrs.'  (Rept.  no.  RE-3-10,  no.  5) 

Confidential 

A  theory  of  the  shaped  charge  effect  postulated  on 
the  spalling  process  is  presented.  The  theory  was 
formulated  from  the  hydrodynamic  concept  of  the 
detonation  wave,  the  edge  effect,  the  laws  of  con¬ 
servation  of  energy  and  momentum,  and  observa¬ 
tions  on  the  effect  of  charge  length  and  diameter. 

L909 

du  Pont  de  Nemours,  E.  I. ,  &  Co.  (W672-ORD-5723). 
INVESTIGATION  OF  CAVITY  EFFECT,  by 
C.  O.  Davis  and  others.  Final  repi.  Sept.  1C, 
1943,  21p.  lllus.  dlagrs.  (Rept.  no.  RE-3-10, 
no.  6)  Confidential 

This  final  rept.  lists  conclusions  drawn  from  the 
research  program  under  the  contract.  Data  are 
given  on  the  effect  of  various  physic:!  eruditions 
on  penetration.  The  relative  effectiveness  of  0 
explosives  is  calculated  from  their  detonation  pres¬ 
sures,  and  hole  volumes  and  hole  depths  made  in 
slacks  of  mild  steel  plates.  The  efficiency  of  non- 
ferrous  metals,  glass,  and  pottery  as  liner  mate¬ 
rials  was  tested  at  various  standoffs.  The  effect  of 
non-coniral  and  miscellaneous  liner  designs  was 
tested.  The  collection  of  particles  amounting  to 
95i&  of  the  weight  of  the  liner  by  shooting  into  a 
specially  constructed  tank  of  water  is  described. 
The  variation  of  penetration  with  charge  diameter 
was  investigated. 


L910 

Engineer  Board,  Fort  Belvolr. 

INVESTIGATION  AND  DEVELOPMENT  OF 
EXPLOSIVE  SHAPED  CHARGES,  Ml  AND  M2 
EMPLOYING  THE  CAVITY  EFFECT,  by 
W.  A.  Ford,  Jr.  Engineering  rept.  May  12,  1943, 
(32}p.  incl.  illus.  tables.  (Pro),  no.  DM  577A, 
Demolitions  rept.  no.  30)  Restricted 
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Test  results  showed  that  the  Ml  and  M2  shaped 
charges  penetrated  completely  a  30- In.  reinforced 
concrete  wall,  making  a  hole  approximately  2  in. 
in  diameter,  throwing  fragments  of  concrete  from 
the  rear  of  the  wall  fer  about  50  ft.  The  MI  charge 
drilled  a  borehole  1. 5  in.  In  diameter  and  20  to 
24  in.  deep  into  reinforced  concrete  of  4500  to 
6000  lbs.  strength  and  of  over  30  in,  in  thickness. 
The  M2  charge  drilled  a  borehole  2  to  3  in.  la 
diameter  and  25  to  35  in.  deep  tn  reinforced, 
concrete  of  4500  to  CQOO  lb.  strength  and  of  over 
36  in.  In  thickness.  The  liner  angles  most  satin- 
factory  for  steel  and  giass  were  60’  and  60*, 
respectively.  Cast  Fe,  pottery,  ceramic,  sand 
carborundum  were  unsuitable  for  use  as  Uners. 
Drawn  steel  annealed,  welded  steel  annealed  with 
a  thickness  of  0. 125  to  0. 150  In.  and  high  density 
soft  Pb  glass  similar  to  Corning  G12  with  a  thick¬ 
ness  of  0.  360  0. 03  in.  were  suitable  for  use  an 
liners.  Explosives  in  order  of  decreasing  effect 
were  Pentolite  (50/50),  Tetrylol  (65/35),  and 
TNT.  The  charge  should  be  separated  from  the 
target  a  distance  equal  to  the  diameter  of  the  liner. 
This  distance  may  be  Increased  up  to  3  times  the 
diameter,  but  the  diameter  of  the  borehole  will  ba  • 
decreased.  The  space  between  the  charge  and  tar¬ 
get  must  be  free  of  any  obstacles  as  they  Interfere 
with  the  cavity  effect.  The  material  of  the  con¬ 
tainer  did  not  contribute  to  the  action  of  the  shaped 
charge  and  It  may  be  made  of  plastic  or  some  other 
non- critical  material.  The  strength  of  the  concrete 
affected  the  size  of  the  hole  produced. 

L911 

Engineer  Board,  Fort  Belvoir. 

PROPOSED  INFORMATION  BULLETIN  ON  EX¬ 
PLOSIVE  SHAPED  CHARGE,  M2.  May  20,  1943, 
4p.  Ulus,  dlagr.  (Demolitions  rept.  no.  32) 

Restricted 

The  M2  charge  ia  a  demolition  charge  designed 
principally  for  uae  ia  drilling  boreholes  in  rein¬ 
forced  concrete  for  demolition  purposes  and  as  an 
assault  weapon  on  fortifications  of  concrete  and 
steel.  The  charge  era  be  detonated  with  a  US 
Engineer  Special  Electric  Blasting  Cap,  a  US 
Engineer  Special  Non-Eleclrlc  Blasting  Cap,  or 
Prlmacord.  The  charge  may  be  also  used  as  a 
mine  or  for  directional  firing.  Special  precautions 
are  pointed  out,  l.e.;  care  in  handling,  no  obstruc¬ 
tions  should  be  placed  in  Liner,  holes  drilled  by  the 
charges  should  be  allowed  to  cool,  number  of 
adjacent  charges  fired  together  should  not  be 
closer  than  3  It  when  primed  with  electric  blasting 
caps;  this  distance  may  be  decreased  when  charges 
are  primed  with  primacord,  etc. 


L912 

Engineer  Board,  Fort  Belvolr. 

INVESTIGATION  AND  DEVELOPMENT  OF 
EXPLOSIVE,  SHAPED  CHARGE,  T3,  by 
W.  A.  Ford,  Jr.  Engineering  rept.  July  1,  1943, 

[32]p.  Incl.  illus.  tables,  diagrs.  (Pro),  no. 

DM  377B,  Demolitions  rept.  no.  37)  Confidential 

SECRET 


Lirge  shapes!  charges  capable  o'  penetrating  a 
SO-in.  thickness  of  reinforced  concrete  with  tho 
largest  diameter  hole  attainable  were  developed, 
experimental  charges  were  prepared  by  casting 
explosives  into  sheet  mclai  and  plastic  contalnero 
with  liners  of  cast  G12  glass,  weided  steel,  and  a 
combination  ot  G12  glass  apex  and  welded  steel 
apron.  The  apex  angles  of  the  liners  were  60“, 

70'  and  80”,  and  the  liner  thickness  varied  fronr 
0. 138  to  0. 375  in.  Results  showed  that  a  shaped 
charge  of  45  lb.  gross  weight  with  a  10-fn.  tfiasr- 
eter  and  60”  welded  steel  liner  and  containing 
33.5  lb.  of  50/50  pentolite  explosive  completely 
penetrated  a  5-It.  reinforced  concrete  wall.  The 
help  had  a  minimum  diameter  of  2.  5  in.  and  per¬ 
mitted  a  standard  bangalore  torpedo  to  be  pushed 
through  it.  The  T3  charge  weighing  3S  lb,  gross, 
with  a  3- in.  diameter  and  60°  welded  steel  liner 
containing  26  lb.  of  50/50  pentolite  explosive  com¬ 
pletely  penetrated  a  5-ft.  reinforced  concrete  wall. 
The  hole  ‘-ad  a  minimum  diameter  of  1.75  in.  and 
penniUcb  .i  standard  bangalore  torpedo  to  be  In¬ 
serted  to  a  depth  ot  27  to  40  In. 


JL913 

Engineer  Board,  Fort  Belvolr. 

USE  OF  TIIE  EXPLOSIVE,  SHAPED  CHARGE, 

Ml  AND  M2,  FOR  THE  PRODUCTION  OF  SORE 
HOLES  IN  THE  DEMOLITION  OF  REINFORCED 
CONCRETE  STRUCTURES,  by  W.  A.  Ford,  Jr. 
Engineering  rept.  July  22,  J043,  [28]p.  incl. 
illus.  tables.  (Proj.  no.  DM  377a,  Demolitions 
rept.  no.  39J  Confidential 

The  Investigation  was  made  lo  determine  whether 
shaped  charges  Ml  and  M2  could  be  used  for  the 
production  of  boro  holes  In  the  demolition  of  rein¬ 
forced  concrete  structures.  The  Ml  shaped  charge 
produced  a  bore  hole  which  was  approximately 
24  In.  deep  and  had  an  average  diameter  of  2  la 
The  M2  charge  produced  a  bore  hole  approximately 
30  in.  deep  and  with  an  average  of  2.  5  In.  Tho 
bore  holes  produced  by  shaped  charges  had  a  very 
high  temperature  and  should  be  ellowed  to  cool 
frr  20  min.  or  be  cooled  with  water  before  they 
are  filled  with  explosives.  Fragments  and  slugs 
from  the  glass  and  steel  liners  were  occassionally 
lodged  in  the  hole.  The  glass  fragments  from  the 
M2  shaped  charge  were  less  objectionable  than 
the  steel  slug  from  the  Ml  shaped  charge  because 
the  glass  fragments  cooled  more  rapidly.  Bore 
holes  were  successfully  produced  at  anglos  from 
90 1  to  45°  to  the  face  of  the  target;  howsve-r,  the 
mot:  satisfactory  bore  holes  were  produced  at  00® 
to  the  face,  when  the  thickness  of  the  concrete 
structure  was  greater  than  3  ft.  Results  showed 
that  bore  holes  could  be  drilled  In  reinforced  con¬ 
crete  with  the  shaped  charges  without 
seriously  weakening  the  structure.  Plastic 
Comp.  C  or  C2  was  the  most  suitable  explosive 
available  for  loading  bere  holes  by  shaped  charges. 
Reinforced  concrete  slabs  from  3  ft.  to  6  ft.  thick 
and  concrete  trestle  bridge  bears  were  collapsed  by 
drilling  bore  holes  with  shaped  charges,  and  loading 
the  holes  with  explosive. 


L914 

Engineer  Board,  Fort  Belvolr. 

INVESTIGATION  OF  5-LB.  AND  35-LB.  LINEAR 
SHAPED  CHARGES,  by  W.  A.  Ford,  Jr.  Nov.  20, 
1943,  28p.  incl.  illus.  tables,  dlagro. 

Confidential 

Ftve-lb.  and  35-lb.  linear  shaped  charges  were 
tested  against  an  18-in.  steel  I-beam  and  steel 
plates,  and  they  were  compared  with  Comp.  C  and 
the  standard  0.  5-lb.  TNT  demolition  blocks.  Re¬ 
sults  showed  lhat  the  linear  shaped  charge  cut 
linear  holes  In  steel  targets  to  a  depth  approxi¬ 
mately  equal  to  tho  charge  width.  5-lb.  linear 
charges  penetrated  steel  to  a  greater  depth  than  an 
equivalent  weight  ot  Comp.-  C  or  TNT  blocks;  they 
were  not  as  effective  for  demolishing  structural 
steel  members  of  bridges  as  standard  charges  cl 
military  explosives.  Linear  shaped  charges  woro 
less  flexlbte  In  their  utility  than  Comp.  C  where 
the  quar.tlty/llnoar  In.  could  bo  varied  to  suit 
Individual  requirements. 

L315 

Engineer  Board,  Fort  Belvolr. 

SHAPED  CHARGES  IN  CONSTRUCTION  OF 
FIELD  FORT  I  FI  CATIONS  AND  IN  QUARRYING 
OPERATIONS,  by  W.  A.  Ford,  Jr.  Nov.  20,  1943, 
27p.  Incl.  Illus.  Confidential 

An  Investigation  was  made  to  determine  the  suit¬ 
ability  and  practicability  as  a  rapid  means  of  rock 
excavation  of  shaped  charges  Ml  and  M2.  Tho 
charges  were  tested  in  sandy  clay,  hard  clay, 
limestone  rock,  granite  rock,  sandstone,  trap 
rock,  hard  sci.ist  rock,  ar.d  gneiss.  Results  showed 
that  the  Ml  and  M2  shaped  charges  were  unsuitable 
for  use  in  the  construction  of  either  hasty  or 
deliberate  types  of  field  fortifications  with  tho 
exception  of  prone  shelter  and  open  shallow  type 
machine  gun  emplacements  In  weathered  seamy 
rock  or  sandstone.  The  charges  were  Impracti¬ 
cable  a3  a  rapid  means  of  rock  excavation,  and 
they  did  not  produce  boreholes  with  sufficient  depth 
for  use  In  quarrying  operations. 

LB1B 

Engineer  Board,  Fort  Eolvolr. 

HOLLOW  DEMOLITION  CHARGE,  5  KG. 
[ITALIAN],  Feb.  14,  1945,  3p.  Incl.  Illus. 

(File  no.  400. 1  (GN3  4d8»  PB  15426 

Unclassified 

A  brief  description  and  2  photographs  of  the  above 
named  Italian  charge  are  presented.  It  is  roughly 
equivalent  to  the  US  shaped  charge,  Ml. 

L917 

Engineer  Board,  Fort  Belvolr. 

EXPERIMENTAL  USES  OF  THE  CHARGE, 
SHAPED,  40-LB.,  M3,  by  J.  W.  Barnes.  Mar. 

5,  1947,  34p.  incl.  Illus.  tablea,  diagrs.  (Proj. 
no.  DMS  416,  rept.  no.  994)  Restricted 
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The  40-lb.  V;3  shaped  charge  was  investigated  to 
obtain  data  on.  (1)  the  ojtimum  standoli  lor  bore¬ 
holes  in  soil;  (2)  clearance  of  fields  of  fire  through 
underbrush;  (3)  usefui/ieis  as  a  satchel  charge 
against  minefieWs  ar.d  fcinks.  From  tests  carried 
out  at  A.  P.  K»il  Military  Reservation  ami  at 
Fori  Belvolr, '  Virginia,  '.t  was  concluded  that: 

(a)  the  standoff  for  mahi/.j  boreholes  In  earth 
with  M3  shaped  cliarges  is  not  critical  between 
S  ft.  and  6  ft. ;  (b)  in  clay  mid  clay-loam  soIIb, 
boreholes  5  ft.  deep  and  iT fn.  In  diameter  are 
produced  by  M3's;  (c)  successive  hi 3 ’ s  fired  into  a 
borehole  in  earth  deepen  the  hole  if  no  loose  soli  ts 
present  In  the  hole;  (d;  Ileitis  of  fire  through  under¬ 
brush  are  not  cleared  efitclentl}  by  use  of  M3's; 

(e)  the  M3  shap-cd  charge  is  not  effective  In  clean¬ 
ing  mine  fields;  (f)  the  M*  shaped  charge  Is  ef¬ 
fective  against  tanks  since  10  out  of  11  charges 
fired  against  s.r.  M4  medium  tank  penetrated  Us 
armor  at  distances  ranging  from  12  ft.  to  100  ft. 
Data  are  presented  in  tabular  form. 


L921  •  • 

Engineer  Liaison  Officer,  SD9,  [Canadian  Military 
Headquarters]. 

SHAPED  CHARGES  AND  THE  FOPEINSON  BAR 
EFFEC1.  Oct.  19,  1942,  3p.  incl.  Ulus.  (SD9  . 

(ELO)  repi.  no.  141;  DemaUloc  Series  no.  23) 

Confidential  D 

The  Hnpkinson  bar  effect  is  dvllned.  A  discussion 
is  gli-sn  on  the  conservation  of  momentum  when  2 
shaped  charge  explodes  forming  a  jet  in  1  direc¬ 
tion.  The  foiiow-through  projectile  described  is  a 
hollow  dish  shaped  charge  lined  with  metal  In 
front  ol  the  projectile  that  blows  a  hole  through 
tlie  target.  The  projectile  Ignites  a  Briska  detona-  q 

for  which  ffres  a  charge  of  black  powder  fn  the 
rear  of  the  projectile.  This  propels  a  smaller  steel 
projectile  filled  with  HE  Into  the  tank.  A  3-in. 

(rocket  AA)  shell  is  shown  in  which  the  TNT 
pellets  were  separated  by  brass  discs  and  grooved  t  ■ 

round  the  banes  and  longitudinally  to  cut  the  casing 
by  Munroe  effect  into  fragments  about  3  in.  long. 


L918 

Engineer  in  Chief  Branch,  GHQ,  MEF  (Gl.  Brit,). 
HOLLOW  CHARGES;  A  ERIFF  EXPLANATION. 
May  1943,  I2p.  Confidential 

A  general  discussion  is  presented  on  the  first  use 
of  shaped  charges,  the  focusing,  Ihe  jet,  form  of 
cavity,  type  of  explosive,  charge  lining,  penetra¬ 
tion,  improving  rhe  crater,  and  penetration  data 
for  30°  liners  oi  various  diameters  and  thicknesses. 


L919 

Engineer  in  Chief  Branch,  GHQ,  MEF  (Gt.  Brit.). 
SHAPED  CHARGES;  A  BRIEF  EXPLANATION. 
July  1943,  4p.  Confidential 

Basic  ideas  of  the  shaped  charge  are  presented. 
Brief  discussions  are  Included  on  the  form  of  the 
charge,  concentration  effect,  and  explosives  used 
la  the  charge. 


L922 

Engineer  Research  and  Development  Laboratariis, 

Fort  Belvotr. 

[CHARGE,  SHAPED,  75-LB.,  M2A3;  CHARGE, 
SHAPED,  40  LB. ,  M3 ,  APPENDIX  R],  by 
W.  T.  Field.  [1347],  ?.  159-169  incl.  dlagro. 

(Proj.  no.  MES  434,  rept.  no.  1006)  (In  Us  Cold 
Weather  Testing  dI  Demolition  Equipment,  ^ug. 

22,  1947)  Restricted 

Tests  were  made  with  M2  A3  cliargea  to  letermlne 
their  effectiveness  against  lake  Ice,  permafrost, 
and  granite  found  In  the  vicinity  of  Fort  Churchill, 
Manitoba,  Canada,  during  the  '".inter  of  1646-47. 
Results  showed  that  both  charges  penetrated  66  in. 
of  Inks  icc.  The  M2A3  charge  with  a  30-ln  Stand¬ 
off  produced  a  hole  6  1*..  deep  with  a  diameter  taper¬ 
ing  from 6  in.  nl  the  top  to  1. 5  In.  at  the  bottom  In 
the  permafrost.  Toe  M3  charge  at  normal  standoff 
produced  an  average  hole  in  the  permafrost,  6.5-ft. 
deep  with  a  7-ln.  top  diameter  tapering  lo  4  In.  at 
the  bottom.  Poor  results  were  obtained  with  both 
charges  against  the  particular  granite  formation 
encountered. 


LS20 

Engineer  Liaison  Officer,  SD5,  Canadian  Military 
Headquarters. 

HOLLOW  CONE  CHARGES,  by  J.  T.  Wilson. 

June  15,  1942,  6p.  Incl.  dlagrs.  (SD5  (ELO)  rept. 
no.  '03;  Demolition  Series  no.  13;  OSRD  Liaison 
Office  WA-276-18)  Secret 

Brief  summaries  are  reported  on:  (3)  the  theory 
of  shaped  charges  (explosive  forces  and  factors 
affecting  performance);  (2)  results  obtained  with 
shaped  charges  against  tanks,  pillboxes,  concrete 
antitank  walls,  and  for  cratering;  (3)  development 
of  wedge  and  bell  charges;  and  (4)  use  of  models 
and  scaling  of  linear  dimensions  in  experiments. 


L923 

Engineer  Research  and  Development  Laboratories, 
Fort  Dplvlor. 

nalSZN  ^  T-FC HARDIN  EFFECT  PERTAINING 
TO  SHAPED  CHARGES;  MEMORANDUM  TO- 
OBSTACLES  AND  DEMOLITIONS  BRANCH,  by 
E.  W.  Sarven.  Aug.  15,  1947,  4p.  Secret 

The  Mlsznay-Schardln  effect  is  defined  and  a 
summary  of  the  Information  knewn  to  the  writer 
Is  presented.  The  uses  of  this  effect  as  a  distant 
operating  charge  and  as  shrapnei  against  Infantry, 
with  performance  data,  are  briefly  reported. 
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L92A 

•Engineer  Research  and  Development  Laboratories, 
Fort  Do  I  voir. 

COLD  WEATHER  TESTING  OF  DEMOLITION 
EQUIPMENT.  Aug.  22,  1947,  182p.  IncL  IUug. 
tables,  dlagTS.  (Proj.  no.  MES  435,  rept. 
no.  1006)  SPP.a  Unclassified 

The  effcrlir»?ss  of  demolition  equipment  used  tra¬ 
der  subarctic  conditions  is  determined.  The  diffl- 
eulties  ol  the  use  and  ease  of  handling  standard 
demolition  it  fas,  the  strength  of  military  explo¬ 
sives  upon  djcxnation  after  long  storage  at  sub¬ 
zero  temperarures,  and  the  ellect  of  explosive 
mine  clcannc  devices  upon  snow-covered  mine¬ 
fields  were  studied.  Equipment  tested  included 
demolition  snilce  M2,  blasting  machine,  antiperson¬ 
nel  mine  M3,  and  incendiary  grenade  M14.  It  Is 
concluded  tha:  shaped  charges  are  the  most  useful 
ol  the  standard  prepared  dtmolltion  charges  for 
utility  work  in  determining  ice  thickness  and  pre¬ 
paring  holes  in  permafrost  and  frozen  muskeg. 

The  recommendations  include  the  development  of 
an  adjustable  tripod  for  use  with  slurped  charges, 
and  the  determmation  oi  the  ultimate  penetration 
ol  each  type  oi  charge  against  winter  fresh  water 
Ice  and  the  optimum-standoff  distance  for  winter 
ice.  (SIPRE  abstract) 


L925 

Engineer  Research  and  Development  Laboratories, 

Fort  Belvoir. 

PLASTIC  EXPLOSIVES  FOR  CUTTING  STEEL, 
by  W.  T.  Field.'  Nov.  16,  1948,  33p.  incl.  Ulus. 
(Proj.  no.  6-CT-D1-Q01,  rept.  no.  1095) 

Confidential 

Cylindrical  shaped  charges  (1,  1.25,  2.44,  3. 68, 

4. 90,  and  6. 14  in.  in  diameter)  using  plastic  ex¬ 
plosive  Comp.  C-3  as  a  filler  were  tested.  Steel 
and  paper  liners  were  used.  Ail  the  charges  were 
confined  with  2  wraps  of  paper  and  detonated  in  air 
with  no  extern!  tamping.  All  liners  were  straight 
sided  trough?  with  an  80°  apex  angle.  Steel  llnera 
were  made  of  24-gage  annealed  sheet  metal,  and 
paper  liners  ac-re  oi  stiff  maniia  folders.  Results 
indicated  that  linear  shaped  charges  with  a  paper 
trough  liner  completely  penetrated  the  same  thick¬ 
ness  of  homogeneous  steel  plate  ns  did  charges 
with  steel  liners  of  the  same  diameter.  When 
fired  under  tie  same  conditions  against  more  mas¬ 
sive  targets  "shere  only  partial  penetration  resulted, 
charges  witn  paper  liners  were  only  80%  as  effectlvo 
as  the  charge?  with  steel  liners.  Comp.  C3  cora- 
paied  favorably  with  Comp.  X  (developed  by  the 
Germans  which  contained  50%  Hexogen,  47. 5% 
Nitroglyeol,  and  2.  5%  Nitrocellulose).  Cylindrical 
linear  shaped  charges  have  potential  application  for 
cutting  homogeneous  sections  in  a  steel  structure 
of  a  thickness  approximately  60%  of  the  charge 
diameter. 

•Reference  not  •srified  in  the  originaL 


L920 

Engineer  School,  Fort  Belvoir. 

INTERIM  REPORT  ON  SHAPED  CHARGES,  by 
H.  M.  Roth  and  others.  July  2,  1943,  27p.  IncL 
illus.  diagrs.  Secret 

Tests  were  carried  out  to  determine:  (1)  the  blast 
effects  produced  inside  of  pillboxes  L j  external 
shaped  charges,  and  (2)  means  ox  exploiting  these 
perforations  once  produced.  Ml  and  35-lb.  charges 
were  used  against  concrete  pillboxes  with  5  ft.  of 
protective  thickness.  Goats  were  used  to  simulate 
personnel.  Results  showed  that  complete  casualties 
could  not  be  expected.  Gases,  smoke  and  concrete 
debris  persisted  In  the  pillbox  for  several  minutes 
after  the  explosion  which  could  limit  the  actions  of 
personnel  within  the  pillbox.  The  hole  produced 
by  the  35-lb.  charge  was  suitable  for  exploitation 
by  the  flame  thrower,  a  Bangalore  torpedo,  or 
an  AT  rocket.  The  10-lb.  charge  perforated  2  ft. 
ol  concrete  and  blew  oft  an  embrasure  door.  TeBts 
nf  the  Beehives  against  concrete  pillboxes,  with 
goats  simulating  personnel,  showed  that  a  30-lb. 
Beehive  charge  produced  a  hole  2  to  3  in.  In 
diameter  completely  through  a  5-ft.  concrete  wall. 

A  Beehive  larger  than  35  lb.  was  too  hard  to  handle 
for  use  in  assault  operations.  The  hole  produced 
by  a  30-  or  45-!b.  Beehive  charge  could  also  be 
exploited. 

L927 

Ertwlcklungskommlssion  Munition,  Berlin. 

HUNGARIAN  ARMOR  PIERCING  AMMUNITION 
(Panzerbrcchende  Munition  Ungarn),  by  Wagner. 
Nov.  9,  1944,  2p.  (Nr.  1125/44  g.  Rs. ;  OT1B 
rept.  no.  1249,  MJsc.-l  -  In  German) 

Unclassified 

This  Hungarian  shell,  weighing  32  kg. ,  should 
penetrate  a  target  170  mm.  thick  when  fired  at 
300  m.  The  weapon  is  Inferior  to  the  German 
"Panzertod”  because  of  small  penetration  and 
large  launching  device.  Because  of  the  heavy 
weight  of  the  shell  and  low  Initial  velocity,  the 
weapon  has  limited  application. 

L920 

Evans,  W.  M. 

HOLLOW  CHARGE  EFFECT.  Bulletin  of  the 
Institution  of  Mining  and  Metallurgy,  no.  520, 

Mar.  1950:  9-25;  no.  522,  May  1950:  23-33. 

A  concise  account  of  the  shaped  charge  phenomena 
is  presented.  On  the  assumption  that  the  strength 
of  metals  can  be  neglected  in  comparison  with  the 
pressures  of  detonation,  the  theory  of  hydrodynam¬ 
ics  of  perfect  llulds  has  been  applied:  (1)  to  the 
formation  of  jets  from  conical  liners,  which  when 
acted  upon  by  the  detonation  wave  collapse  inward, 
collide,  and  squirt  out  along  the  axis  a  long,  thin  Jet 
traveling  with  a  very  high  velocity  (of  the  order 
of  8, 000  m.  /sec.),  and  (2)  to  the  remarkable 
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properties  ot  penetration  ot  such  Jets  in  various 
metals.  Many  experimental  techniques  have  borne 
out  the  essential  validity  of  the  hydrodynamic  theory. 
The  following  {actors  affecting  the  performance 
of  shaped  charges  arc  discussed:  explosive  com¬ 
position,  length  of  charge,  confinement,  •  Initiation, 
lir.er  shape  and  material,  standoff,  asymmetry,  and 
scaling.  Diagrams  and  calculations  are  included. 


ISZO 

Evans,  W.  M.  and  A.  R.  Ubbelohde. 

FORMATION  OF  MUNROE  JETS  AND  THEIR 
ACTION  ON  MASSIVE  TARGETS.  Rescarc’- 
(Supplement),  v.  3,  July  1950:  331-33G. 

The  following  topics  arc  discussed:  (1)  the  concept 
of  Munroe  jcis  (hare  hollow  charges  and  hollow 
charges  lined  with  metals);  (2)  the  mode  of  action 
of  Jets  on  massive  targets  (metal  targets  aad  stop¬ 
ping  powers  ol  different  materials);  and  (?)  the 
mechanism  of  formation  of  Munroe  jets  (change 
of  shape  of  jets  in  space  and  the  effect  of  the  shape 
of  the  cavity  on  the  formation  of  Jets). 


L930 

Evans,  W.  M.  and  A.  R.  Ubbelohde. 

SOME  KINEMATIC  PROPERTIES  OF  MUNROE 
JETS.  Research  (Supplement),  v.  3,  Aug.  1950: 
376-378. 

For  the  detection  of  the  passage  of  the  head  of 
the  jet  with  time,  gaps  were  formed  by  fine  strips 
of  metal  about  1  mm.  apart  and  placed  at  Intervals 
of  from  1  to  2  in.  (2.5  to  5.0  cm.)  in  the  direction 
of  travel  of  the  jet.  The  closures  were  recorded  on 
an  A  (gas)  lamp  chronograph  reading  to  1  jisec. 

From  the  spacc/time  plots,  the  space/velocity 
curves  could  be  constructed.  Target  calorimetry 
involved  setting  up  sleel  targets  on  strong  supports 
with  small  areas  of  contact,  so  as  to  minimize 
loss  of  heat  by  conduction.  A  thermocouple  was 
irsertftd  axially  upwards  from  the  bottom  of  the 
target,  to  a  depth  determined  by  previous  experi¬ 
ments,  so  that  the  disturbance  of  the  target  metal 
at  the  bottom  of  the  crater,  when  this  was  formed 
by  the  jet,  just  failed  to  break  the  couple.  It  was 
important  to  have  the  couple  as  near  to  the  crater 
as  possible  to  secure  tempsrature/tlme  curves 
which  required  the  minimum  extrapolation.  After 
the  shot  had  been  fired,  tha  temperature  first 
rose  to  a  peak,  then  the  temperature/time  curve 
flattened  as  the  heat  was  redistributed  In  the  steel, 
and  finally  it  fell  uniformly  due  to  heat  losses  from 
the  steel  to  the  ambient  air.  Rather  rough  methods 
of  approximation  were  used  to  allow  for  these 
losses,  but  order  of  magnitude  of  the  heat  liberated 
in  the  target  could  be  estimated  with  fair  accuracy. 
Simple  calibration  methods  were  used  to  measure 
tne  depth  and  entry  diameter  of  the  craters  formed 
for  various  distances  between  the  charges  and  the 
target.  In  studylrg  the  effect  of  charge  dimensions, 
it  was  assumed  that  the  unit  length  was  the  diam¬ 
eter  of  the  explosive  filling.  So  far  as  supplies 
of  metal  tubing  and  metal  linings  permitted,  all 


the  other  dimensions  were  Increased  pro  rata  tn 
the  diameter  of  the  explosive  charge.  Theoretically 
it  need  not  follow,  for  explosive  phenomena,  that 
all  the  dimensions  scale  linearly  but  so  far  as  the  . 
penetration  data  over  the  range  of  diameters  1  to 
1.25  to  2  in.  (2.5  to  5.0  cm.)  were  concerned  linear 
scaling  of  results  was  observed  wilhin  experimental 
error_  (Research  abstract) 

L931 

Evans,  W.  M.  and  P.  C.  Pack. 

PENETRATION  BY  HIGH-VELOCITY  ("MUN¬ 
ROE'')  JETS:  II.  Proceedings  of  the  Physical 
Society,  v.  64B,  part  4,  Apr.  I,  1951:  303-310. 

Work  fs  described  In  which  the  2  stages  of  pene¬ 
tration  by  a  high-velocity  ("Munroe")  jet  were 
sepai  ated  experimentally.  The  large  penetrations 
measured  in  Pb  targets  are  shown  to  result  from 
the  flow  wliich  takes  place  in  the  metal  after  the 
Jet  itself  has  been  consumed.  For  a  given  Jet  at 
a  given  standoff  it  is  possible  to  predict  Ihe  pene¬ 
tration  into  a  combination  of  targets  from  the 
results  of  a  very  small  number  of  standard  ex¬ 
periments.  The  method  depends  upon  the  calcula¬ 
tion  of  a  certain  quantity  which  is  constant  for  a 
given  jet  at  a  given  standoff,  and  examples  are 
given  of  the  determination  of  this  quantity  from 
experimental  data.  (Physical  Society  abstract) 

L032 

Explosive  Experimental  Co. ,  Inc.,  Berlin-  Dahlem. 
EXAMINATION  OF  A  NEW  WIRE  HOLLOW 
CHARGE  TO  IMPROVE  HOLLOW  CHARGE 
EFFECT.  Oct.  13,  1944-  (Rept.  no.  149;  Trans, 
as  OT13  rept.  no.  1249,  6p.  dingus.)  Restricted 

An  investigation  was  made  to  determine  where  in  a 
longitudinal  section  firing  wires  could  be  introduced 
in  the  cavity  to  keep  the  shaped  charge  effect  with 
firing  wires  as  little  as  possible  under  that  of  the 
conventional  shaped  charge.  It  was  concluded  that 
the  shaped  charge  effect  was  improved  20-501 
through  the  addition  ol  properly  dimensioned  and 
spaced  wires,  but  wires  or  metal  pieces  placed  in 
the  cavity  reduced  the  eflect  if  tire  wires  were  not 
correctly  installed. 


L933  ' 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

CUTTING  OF  STEEL  CADLE  AND  ANCHOR 
CHAIN  BY  MEANS  OF  SHAPED  CHARGES,  by 
H.  W.  Kline.  Mar.  2,  1944,  16p.  inch  dlagrs. 
(ElLrepL  on  OIM,  no.  116)  Confidential 

A  shaped  charge  was  developed  which  will  effec¬ 
tively  cut,  in  air  and  under  water,  plow  steel 
cable  2  in.  in  diameter  and  anchor  chain  1.5  in. 
in  diameter.  The  device  is  fitted  with  a  handle 
and  spring-loaded  damp  for  attachment  by  hand 
to  the  cable  or  chair,  to  be  cut.  When  filled  with 
Comp.  Cl  or  C2,  the  effective  cutting  charge  Is 
approximately  2  lb.  of  explosive. 
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L93*J 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  MK.2  CONE  ON  100- ,  250-  AND 
500- LB.  BOMBS,  byG.  II.  Taylor.  May  5,  1944, 
27p.  incl.  illus.  (EILrept.  on  OIM  no.  174, 

Part  j)  Confidential 

Mark  2  charges  were  used  at  various  standolla 
(2  to  13  In.)  aiid  in  various  positions  In  order  to 
gain  Access  to  the  bomb  lilling.  Satisfactory  re¬ 
sults  were  obtained  with  these  charges.  No  1 
standoff  or  position  couid  be  given  as  a  standard 
because  no  2  shots  gave  the  same  results.  Testa 
were  carried  out  with  2  linked  linear  charges 
(0.4  in.  wide  with  0.021  in.  thick  80°  apex  angle 
liner).  Standoffs  varied  from  1/8  to  3/8  in.  A 
linked  charge  with  9  2-In.  links  made  a  clean  cut 
through  bomb  cases  and  explosives  with  no  detona¬ 
tion.  Tail  and  nose  sections  were  blown  about 
20  ft.  Similar  results  were  obtained  with  5  fl-ln. 
links. 

L935 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

THE  DEVELOPMENT  OF  A  CAVITY  CHARGE 
SUITABLE  FOR  CUTTING  3-1N.  DIAMETER 
WIRE  ROPE  BOTH  IN  AIR  AND  UNDER  WATER, 
by  J.  F.  Nachman.  June  10,  1944,  7p.  Incl. 
diagrs,  (EILrept.  on  OIM  no.  157)  Confidential 

Shaped  charges  of  Comp.  C-l  fitted  with  liners 
of  steel  angle  Fc  were  used  lo  cut  steel  wire  rope 
of  1 . 5- ,  2- ,  and  2.75-In.  diameter  both  in  air 
and  under  water.  Results  Indicated  that  a  charge 
of  approximately  3  lb.  of  explosive  formed  on  a 
steel  angle  Fe  liner  with  legs  would  successfully 
cut  3-in.  6tcel  wire  rope  under  both  conditions. 
Specifications  for  charges  required  to  cut  various 
sizes  of  wire  rope  are  tabulated. 

L936 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  MK.2  CONE  AND  LINEAR  CHARGES 
ON  5  IN./38  AA,  5  IN./38  AA  COMMON,  G  IN.  AA 
COMMON,  AND  8  IN.  AA  COMMON  PROJEC¬ 
TILES,  by  G.  H.  Taylor.  June  15,  1944,  19p. 
incl.  tables,  diagrs.  (EIL  repl.  on  OIM  no.  174, 
Part  II)  Confidential 

The  Mark  2  charge  was  used  at  standoffs  varying 
from  0  to  8  in.  to  acquire  a  partial  detonation  of 
the  projectiles  used.  Tabular  results  are  shown. 

L937 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

SECTIONING  OF  DEPTH  BOM3,  AN  MARK  49 
TO  DETERMINE  THE  EXTENT  OF  CAVITATION 
AND  SEGREGATION,  by  H.  W.  Kline.  June  23, 
1944,  9p.  incl.  illus.  (Part  If  of  [EIL]  rept.  on 
EIM  no.  34)  Confidential 


Torpcx-loadod  depth  bombs,  AN  Mark  49,  were 
sectioned  using  linear  charges  of  Comp.  C-l. 

Samples  Irom  the  bombs  were  analyzed  for  segre¬ 
gation,  and  Impact  and  friction  sensitivities. 

L-938 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head, 

use  of  mk.2  cavity  charge  on  german 

.  AND  JAPANESE  GENERAL  PURPOSE  BOMBS 
AND  GERMAN  SEMIARMOR  PIERCING  BOMBS, 
by  T.  F.  Darrah.  July  6,  1944,  7p.  incl.  illus. 
(EiLrcpt.  on  OIM  no.  182)  Confidential 

The  Mark  2  cum gc ‘."a? .Sited  4-  to  3-in.  slsnd- 

olf  on  the  G3-kg.  CP  Japanese  bom';,  anci  at  fi-  to 
14-in.  standoff  on  the  German  50-kg.  seniiarmcr- 
pierciug  bomb  to  find  the  bast  positioning  of  the 
charge  which  would  give  the  least  violent  partial 
detonation.  In  most  cases  for  the  Japanese  bombs, 
th°  optimum  standoff  was  0  in.  Photographs  show 
tha'.  the  tail  of  (he  bomb  was  sheared  off.  With 
the  German  250-kg.  bomb,  most  successful  re¬ 
sults  were  obtained  at  8-in.  standoff;  with  the 
German  50-kg.  SAP  bombs,  14-tn.  standoli  gave 
the  desired  results  in  all  but  1  ease. 

L933 

Explosives  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

KNt'ERING  THE  UNIT  COMPARTMENTS  OF 
MINE  CASES  BY  MEANS  OF  CAVITY  CHARGES, 
by  T.  F.  Darrah.  July  25.  1944,  13p.  incl. 
diagrs.  ([EIL]  xept.  on  OIM  no.  78)  Confidential 

Cutting  of  A1  plate  by  means  of  linear  shaped ' 
charges  at  Incident  angles  of  30°,  45°,  and  60° 
was  investigated.  From  these  experiments, 
circular  shaped  charges  were  designed  so  that  the 
jtis  from  the  charges  would  strike  the  forget  plate  j 
iX  an  Incident  angle  of  45°;  and  it  seemeu  that  these,' 
charges  might  cut  a  circular  disc  Irom  the  target  / 
piar '  and  Mt  the  cut  portion  away.  On  the  failure  / 
<T  the  .  rc-dar  •oir.s  it,  re.r.  ..st:  he  Paired  I 
i <  suit,  experiments  we.  ;  c undue  ea  *ji Is  llceer 
ervity  charges  formed  into  rectangular  shapes. 
Ttperlnipntation  was  discontinued  in  favor  ofa  I, 

, Inear  charge  circumscribing  the  mine  case.  ji 

LS-HI  I: 

Exp’osives  Investigation  Laboratory,  Naval  Powder' 
factory,  Indian  Head.  / 

,'SE  OF  MK.2  CAVITY  CHARGE  ON  20-LB./; 
FRAGMENTATION  BOMBS,  by  G.  H.  Taylor .)•' 
jiUg.  7,  1944,  6p.  incl.  Ulus,  (EILrept.  on// 

OIM  no.  174,  Part  HI)  Coniid/  ’dial 

Testa  were  made  to  develop  a  standard  technique, 
employing  Mark  2  charges,  for  opening  they  cases 
>i  20-lb.  fragmentation  bombs.  The  Mas®'-  2 
charges  opened  by  a  low  order  detonation*  the  20-lb. 
u-mbs  which  contained  unarmed  and  saf/'!  fuzes. 

The  bomba  containing  armed  fuzes  were) J  opened  by 
itgh  order  detonations  when  shot  Into  bjj.l  'he  Mark2 
charge.  fl 
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Ex  r.,  ees  Investigation  Laboratory,  Havel  Powdw 
V '.Ci Dry,' Indian  Head. 

j i  P.  SPORT  ON  THE  APPLICATION  OF  SHAPED 
U  SURGES,  by  H.  W.  Kline,  [Apr.  1945],  50p. 
n..'i  illus.  (EIL  rept.  on  [OIM  no.  2]) 

Confidential 


Explosives  Research  Laboratory,  Bruceton. 

FRAGMENT  VELOCITY  CAMERA,  by  D.  P.  Mac- 
Dougall.  (In  NDRC  Sect.  B-l  Interim  rept.  on 
ControlindTrapmentation  and  Siiaped  Charges, 
Aug.  15-Sept.  15.  1942,  3p.J  Rept.  no.  CF-1) 

B  Confidential 


'IT a  Investigation  was  concerned  with  developing 
in. t  'tie  techniques  lor  the  disposal,  without 
leu  lation,  oi  various  types  of  HE  filled  ordnance 
u  ■  r  fieid  conditions.  A  shaped  charge  was  de- 
Vfc'if'Cd  for  the  disposal  of  mines  and  bombs 
thi  '■■gh  such  intervening  media  as  sand,  mud,  and 
co  eiderable  air  gaps.  Mines  and  bombs  lilied 
wi  !i  HE  ranging  in  impact  sensitivities  from  TNT 
to  i . mex  were  opened  with  very  ilttle  detonation 
rf  ri!t‘.r-'„  /hen  subjected  to  the  shaped  charge 
mtiallic  jet.  tines  filled  with  German  Hexanlte 
v  :  ,e  cut  into  ransverse  sections  by  means  of 
lin  ~r  charge;  circumscribing  the  explosive-filled 
co-  ipxrtmer  i  .if  the  mine.  A  shaped  charge  was 
dev.-1  oped  tin;  was  believed  to  be  capable  ol 
defeating  a  u-in.  heavy  AD  shell  when  detonated 
3.1  in.  abo-’  ihe  forward  edge  of  the  rotating  band 
of  Me  proje.-ule.  The  siiaped  charge  effect  is 
described  bnetly  in  an  appendix. 


The  method  Ik  described  lor  measuring  accurately 
the  velocity  of  a  projectile  or  of  a  single  fragment 
whose  trajectory  is  defined  within  the  Halts  ol  a 
known  solid  angle. 


Explosives  Research  Laboratory,  Bruceton. 

OPTICAL  STUDIES  OF  CONED  CHARGES,  by 
D.  P.  MacDoupU.  (In  NDRC  Sect.  B-l  Interim 
rept.  on  Controlled  Fragmentation  and  Shaped 
Charges,  Aug.  15-Sept.  15,  1942,  3p.;  Rept. 
n  Confidential 


The  blast  wave  which  emerges  from  the  end  ol  a 
charge  was  studied.  The  velocity  ol  the  blast 
wave  as  a  function  oi  distance  from  the  end  ol  the 
charge  was  measured  for  lined  and  unllned 

charges. 


L942 

Explosives  Mi.nulacturing  Practices  Laboratory, 

Ext  asives  Factory  Maribyrnong  (Australia). 

Ti: ■  PROTECTION  OF  STEEL  TARGETS  FROM 
AT  ACK  I;t:  SHAPED  CHARGES,  by  W.  H.  Coul- 
son  June  "  9,  1944,  3p.  inci.  diagr.  (Rept.  no. 
ME  (a)  13;  OSRD  Liaison  Office  II-5-6460  (S)> 

Confidential 

(?-■  [*an.  L91  ir.  which  tills  rept.  Is  repro- 

duci  d  as  i’ort  I.) 


L943 

Exple-  -'es  Manufacturing  Practices  Laboratory, 

E:.'  osivtn  Factory  Maribyrnong  (Australia). 

If:  .rjm  REPORT  ON  "CHEMICAL  ARMOR" 

Mr.  hoc:;  of  defeating  shaped  charges, 

by'.  .  H.  Coulson.  Sept.  1944,  2p.  tables,  diagr. 

(Re-  .  no  ME  4(a)  16;  OSRD  Liaison  Office 

II- 5  d43f-:S))  Confidential 

Tests  wt;c  carried  out  with  shaped  charges 
1  1/  S  in.  In  diameter  having  A1  liners  and  filled  with 
30/7"'  Cl/ TNT.  These  charges  were  capable  ol 
pen  -  .Tng  2  in.  of  mild  sleel  plate,  and  were 
roa defeated  by  being  made  to  act  through  a 
lays"  t:i  xplosive  (Baratol.  RDX,  Cordite,  etc.) 
or  a  vig.  rous  oxidizing  medium  (BaNOgJj,  KClOj 
etc.)  R. suits  showed  that  A1  was  more  easily 
slo-  ed  .han  steel.  The  liner  shape  had  no  marked 
effoc.;  the  narrow  liner  of  the  M9A1  grenade 
and  t  le  '/ider  liner  ol  the  British  no.  68  grenade 
wen  equally -difficult  lo  defeat.  The  most  effec¬ 
tive  .  *o;  per  was  a  cast  mixture  ol  Na  and  X 
nitra  is . 


L946 

Explosives  Research  Laboratory,  Bruceton. 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougall.  (In  NDRC  Sect.  B-l  Interim  rept.  on 
Controlled  "Fragmentation  and  Siiaped  Charges, 

Sept.  15-Oct.  15,  1942,  7p.;  Rept.  no.  CF-2) 

Confidential 

Piiotograpiis  were  taken  in  which  ihe  slit  plane  of 
the  camera  was  perpendicular  to  the  axis  of  the 
charge.  Shells  were  also  fired  with  the  slit  parallel 
to  the  axis  o(  the  charge  in  order  to  study  the 
velocity  of  the  Mast  as  a  function  of  the  shape  and 
material  of  ihe  liner,  and  of  ihe  distance  from  the 
charge.  The  fragment  velocity  camera  was  used 
in  an  attempt  to  determine  ihe  velocity  of  the  slug 
ol  steel  which  Is  usually  formed  from  a  45°  steel 
liner.  Preliminary  experiments  on  penetration  of 
steel  targets  through  a  layer  of  water  by  fined 
charges  are  reported. 

L947 

Explosives  Research  Laboratory,  Bruceton. 

STUDIES  OF  SHAPED  CHARGES,  byD.  P.  Mac- 
Dcugall.  (In  NDRC  Sect.  B-l  Interim  rept.  on 
Controlled Tri. -.mentation  and  Shaped  Charges, 

Oct.  15-Nov.  15,  1942,  lip.;  Rept.  no.  CF-3) 

Confidential 

Penetration  times  through  various  thicknesses  of 
steel  plate  were  measured  for;  (1)  charges  of 
varying  diameters  containing  porcelain,  steel, 
and  glass  liners  (45°  and  60°);  and  (2)  cast 
Pentolite  and  cast  Cyclotol  charges  with  M9A1 
steel  K iierb.  Results  are  tabulated  for  the  tests 
and  also  for  brief  studies  on  the  effect  of  the  liner 
(45°  Pb  and  steel  ol  various  thicknesses)  on  blast 
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velocity.  Experiments  to  determine  the  velocity 
of  the  slug  were  made  using  M9A1  (1  5/8-in. 
diameter)  and  spun  steel  (45°,  1.5-in.  diameter), 
liners  in  6-in.  Cyclotoi  charges  fired  against 
steel  plate  and  through  heavy  pipe  targets.  Under¬ 
water  penetration  of  Pb  (4  j°-180°)  and  steel 
(45M20’’)  liners  was  studied  by  determining  the 
relationship  of  the  weight  of  the  liner  la  the  dis¬ 
tance  of  50%  penetration  of  0.25-ln.  st»el  plate. 
Tests  to  determine  the  effect  of  all  possible 
variables  on  the  penetration  of  sleel  targets  by 
small-scale  charges  were  continued  with  special 
concentration  upon  the  effect  oi  standoff  and  shape 
and  material  of  the  liner  (Pb  and  sleel,  30°-120° 
apet  angles).  Results  from  the  latter  3  series  of 
tests  are  presented  graphically. 

L 940 

Explosives  Research  Laboratory,  Eraceloa. 

STUDIES  OF  SHAPED  CHARGES,  byD.  P.  Mac- 
Dougall.  (In  NDRC  Div.  8  Interim  rept.  on 
Controlled  Fragmentation  ard  Shaped  Charges, 

Nov.  15-Dec.  15,  1942,  lip.;  Rept.  no.  CF-4) 

Confidential 

Penetration  times  were  measured  for  1  5/8-ln. 
diameter  charges  of  cast  Pentolite,  5  in.  long, 
containing  M9A1  liners  fired  from  a  fixed  dis¬ 
tance  of  6  in.  through  hot-rolled  steel  plates  of 
different  thicknesses.  Blast  velocities  as  a  func¬ 
tion  of  distance  from  the  charge  were  measured 
for  several  45°  lined  charges  with  liners  of 
different  weights.  Shots  were  made  with  steel  lined 
charges  fired  through  a  layer  of  water.  Results 
are  presented  for  penetration  through  steel 
targets  in  air. 
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Truncated  cone  charges  were  fired  from  a  dis¬ 
tance  of  8  in.  through  a  1  3/8-ln.  steel  plate  for 
penetration  time  measurement.  Shaped  charges 
with  80°  spun  steel  liners  of  various  wall  thick¬ 
nesses  were  fired  through  armor  plate.  Measure¬ 
ments  were  made  of  detonation  and  blast  wave 
velocities,  and  of  blast  wave  nrotile  of  charges 
with  cylindrical  cavities.  Pictures  are  shown  of  the 
luminous  bias,  from  unlined  charges  at  successive 
intervals  of  time.  Measurements  of  penetration 
of  steel  targets  through  a  layer  ol  water  were 
made  for  1.5-in.  diameter  charges. 
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Measurements  were  made  of  penetration  Umeo  for 
shaped  charges  with  steel  liners.  Tests  were 
made  with  the  slit  removed  from  the  camera  in  an 
attempt  to  follow  the  blast  farther  through  the 
series  of  target  plates  when  it  tended  to  leavo 
the  sltt  plane.  Without  the  slit,  It  was  difficult 
to  distinguish  the  Instant  at  which  the  blast  hits 
the  target.  A  study  was  made  of  the  effect  of 
confinement  of  the  blast  wave  from  a  flat-ended 
cylindrical  chargp.  Results  of  underwater  pene¬ 
tration.  measurements  are  given  for  cast  Pento¬ 
lite  charges  contained  in  lengths  of  cardboard 
mailing  tube.  The  effects  on  steel  plates  of  wedge 
or  linear  charges  were  investigated. 
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Results  are  shown  of  the  blast  wave  leaving  a  flat 
surface  cut  obliquely  to  the  charge  axis.  A  study 
oi  the  effect  of  optical  filters  on  the  quality  of  the 
pictures  obtained  with  Ihe  rate  camera  gave  dis¬ 
appointing  results,  J.e. ,  the  jet  as  a  whole  re¬ 
mained  unresolved.  An  attempt  was  made  to  study 
the  structure  of  the  jet  by  photographing  the  self- 
luminous  parts  of  it.  Various  experiments  were 
tried  to  get  the  outline  of  the  jet  by  taking  shadow 
pictures  of  It,  using  detonation  in  an  A  (gas) 
atmosphere  as  a  light  source.  Blast  velocity  wan 
obtained  for  an  80°  cone  charge  of  cast  Pentolite. 
Underwater  penetration  measurements  were  made 
on  1  5/8-ln.  Pentolite  cavity  charges.  Measure¬ 
ments  of  penetration  of  steel  target  plates  by 
wedge  or  linear  cavity  charges  are  given.  Veloc¬ 
ity  and  penetration  data  are  shown  for  AA  shells 
loaded  with  ammonium  plcrate,  TNT,  Cyclotoi, 
and  Torpex. 
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Penetration  times  for  charges  bearing  M9A1 
liners  were  measured  through  Pb,  water,  and  A1 
targets.  Cast  Pentolite  charges  (2-in.  diameter) 
with  a  metal  disc  (1  5/8  in.)  embedded  in  the  flat 
end  surface  were  tired  to  obtain  velocity  of  the 
metal  fragments.  Thicuncsr.  and  material  (Cu, 
steel)  of  the  liners  were  var  cd.  The  Improvements 
made  In  the  technique  of  flash  photography  are 
discussed.  Results  of  underwater  penetration 
tests  (range  vs.  standoff)  using  charges  with  steel 
liners  (60°,  100°)  are  presented  graphically,  Data 
from  penetration  tests  against  steel  target  plates 
using  sand  lined  (45°-120°)  charges  are  presented 
and  discussed. 
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Penetration  times  and  jet  velocities  before  and. 
after  penetration  for  M9A1  liners  were  measured 
against  various  target  materials.  Flash  photog¬ 
raphy  and  penetration  depth  in  Pb  targets  are 
discussed  briefly.  Results  of  underwater  pene¬ 
tration  tests  using  charges  with  steel  liners 
(45°,  60“}  of  varying  weights  and  thicknesses  arc 
given.  Data  obtained  from  steel  target  penetra¬ 
tion  tests  using  steel  lined  (45-120°)  clargos  are 
presented  graphically.  The  relationship  of  initial 
hole  diameter  to  final  hole  diameter  for  M0A1 
liners  fired  through  previously  drilled  holes  in 
1-in.  steel  targets  was  Investigated.  Penetration 
depth  and  hole  volume  of  sand  lined  (45°-120°) 
charges  were  measured  In  relation  to  liner  thick¬ 
ness,  standoff,  charge  length  and  liner  weight. 
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Penetration  times  and  jet  velocities  before  and 
after  penetration  for  M9A1  liners  and  125°  apex 
angle  lir.ers  were  measured  against  various  tar¬ 
get  materials.  Results  of  underwater  penetration 
tests  using  steel  ’..'■ters  (45°)  are  given.  A  com¬ 
parison  of  Torpex,  Pentollte,  and  Comp.  B  for 
underwater  performance  was  made.  Data  for 
the  penetration  of  steel  targets  by  steel  (45°, 

120°)  and  Cu  (45°)  liners,  and  the  relationship  of 
penetration  depth  to  liner  (45°,  120°  steel)  weight 
and  charge  diameter  (45°,  120°  steel  liners)  arc 
presented  graphically.  The  eifect  of  varying 
charge  length,  the  penetration  of  steel  through 
water,  the  effect  of  confinement  (explosive  belt), 
the  relationship  of  target  temperature  to  pene¬ 
tration,  and  the  eflcct  of  liner  weight  on  jet  diam¬ 
eter  were  all  studied  briefly. 
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The  results  of:  (1)  jet  velocity  tests  of  charges 
having  glass  and  steel  liners  (30°-60°  and  100°- 
180“  apex  angles)  ql  varying  diameters;  and 
(2)  target  (water,  Al,  steel,  Cu,  Wood's  metal) 
penetration  studies  (time,  depth,  and  velocities) 
using  charges  containing  M9A1  liners  and  45“  and 
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120°  steel  liners  of  various  weights  are  tabulated 
and  discussed.  The  relationship  of  penetration- 
time  and  final  velocity  to  target  thickness  arc 
graphed.  The  charges  were  cast  Pentollte  having 
M9A1  liners  fired  against  both  Cu  and  Al  targets. 
The  doubt  concerning  the  interpretation  of  the 
opaque  zone  which  appears  in  flash  photographs  of 
the  jet  is  commented  upon.  Underwater  penetra¬ 
tion  was  studied  with  respect  to:  (a)  effect  of 
charge  length  on  the  range  of  charges  having 45“ 
spun  steel  liners;  and  (bj  the  range  for  charges 
bearing  30°  spun  steel  and  60°  drawn  steel  liners 
ar.d  3Q°  composite  liners  fsteel  particles  bonded 
with  resin).  The  relationship  of  liner  weight  to 
apex  angle  is  shown  graphically  fer  these  under¬ 
water  tests.  Small-scale  charges  bearing  30* 
spun  steel  and  60°  drawn  steel  liners  were  fired 
against  steel  targets  in  air.  The  variables  were 
charge  weight  and  standoff.  A  table  Is  included 
which  summarizes  the  performance  of  the  best 
liners  (30°-120°  apex  angles)  tested  to  date.  The 
alignment  cf  the  liner  with  the  charge  axis  Is 
discussed.  The  performance  of  80°  composite 
lir.ers  (steel  fragments,  resir,  binder),  the  pos¬ 
sibility  of  using  steel-backcd  concrete  or  Al  as 
target  materials,  and  the  development  of  a  charge 
for  making  a  linear  cut  la  Al  were  also  investigated. 
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Penetration  times  and  jet  velocities  before  and 
after  target  penetration  for  M9A1  liners  fired 
against  various  ’"‘•rcet  rr.-iterialc  were  measured 
by  the  multiple  slit  method.  The  opaque  zone  cf 
the  jet  was  studied  by  flash  photography.  The 
following  phases  of  underwater  penetration  were 
studied:  (1)  range  of  80°  steel  liners  of  varying 
weights;  (2)  effect  of  charge  diameter  on  range  of 
M9A1  steel  liners;  (3)  penetration  through  water 
Into  heavy  steel  targets:  and  (4)  effectiveness  of 
steel  dome  liners.  Penetration  studies  were  also 
made  of  the  following:  (a)  small-scale  charges 
bearing  80°  (varying  weights)  and  hemispherical 
liners  (steel);  (b)  relationship  of  liner  hardness 
Id  behavior  of  liner  (45°  apex  angle);  (c)  effect 
of  rotation;  (d)  M5A1  line.-s  with  apex  filled 
(solder);  (e)  cored  charges;  and  (f)  modified  con¬ 
finement.  Charges  filled  with  explosives  of 
varying  degrees  of  power  were  fired  for  the 
nr- poses  of  studying  the  mechanism  of  Uner 
collapse  and  observing  recovered  Uner  frag¬ 
ments.  An  Investigation  was  begun  Into  the 
possibility  of  increasing  the  effectiveness  of 
boosters  by  making  use  of  the  cavity  effect  or 
inserting  Hat  discs  in  the  base. 
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Preliminary  optical  studies  of  the  detonation  wave 
from  a  composite  cylindrical  charge  (cast  Pento- 
lite  with  TNT  or  Amatol  core)  are  discussed.  Re¬ 
sults  ot  underwater  performance  tests  using  small 
scale  charges  are  reviewed  with  respect  to  liner 
material,  confinement  (steel,  cardboard),  use  of 
composite  charges  (TNT  or  wood  cores)  and  pene¬ 
tration  ol  2-in.  diameter  charges  Into  heavy  steel. 
Penetration  depths  from  stcoi  and  Pb  liners,  and 
the  effect  of  charge  diameter  or.  penetration  depth, 
were  measured.  Effect  of  rotation  on  penetration 
depth  and  lote  contour  of  charges  bearing  trumpet 
and  45°  and  100°  liners  wan  studied.  TNT  core 
and  confinement  effects  were  tested  using  M9A1 
steel  and  Cu  liners.  M9A1  lined  charges  were 
fired  into  ice  blocks  and  liner  fragments  recovered 
for  study  of  jet  distribution. 
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Jet  velocities  of  small  scale  charges  bearing  steel 
liners  (45°-120°)  were  measured  wllhin  a  range 
of  11  in.  to  17  in.  from  base  of  chr.rge  (rotating 
drum  camera).  Further  work  was  done  on  shaping 
of  the  detonation  wave  from  a  composite  charge 
consisting  ol  a  Penloiite  shell  and  a  core  of  TNT, 
Araatcl  or  nitroguanidlne.  Underwater  perform¬ 
ance  of  standard  small  scale  charges  having  uoa- 
Fe  liners  (45°  spun  Al,  45°  Zn alloy  and 80°,  12l)°Pb) 
was  tested  against  5. 5- in.  target  plate.  Variables 
were  liner  weight  and  standoff.  Scaling  experi¬ 
ments  were  started  using  small-scsie  charges 
with  steel  liners  il-!ii. ,  1  5/8-in.  and  2-in.  diam¬ 
eter).  Trs?  results  are  yiv^n  for  firings  against 
steel  targe!  plate;  targets  were  scaUd  in  thickness 
proportionally  to  ihe  charge  and  liner  diameter. 
Information  received  from  studies  of  the  following 
is  included:  (1)  penetration  of  A1  and  Zn  alley 
liners  (45°),  (2)  slug  penetration  (M9A1  liner), 

(3)  effect  of  explosive  belt  on  penetration  of 
charge  (M9A1  liner);  (4)  effect  of  various  speeds 
of  rotation  of  M66  liners  (45°  steel)  on  penetration; 
(5)  effect  of  large  standoff  (steel  liners;  45°-80°)  on 
penetration;  (6)  comparison  of  peneh"?.tio;»  .•! 

M9A1  liners  into  steel  and  A1  targein;  ana  (7)  ef¬ 
fect  of  composite  (cored)  charges  on  penetration  of 
MC6  liners  (42°). 
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Jet  velocity  ar.d  penetration  time  measurement 
are  tabulated  for  investigations  of  the  following: 
standard  small-scale  charges  with  steel  liners 
(30°-120°  apex  angles);  comparison  of  cast  TNT 
and  cast  Pentolite  charges  (M9A1  liners);  effect 
of  liner  diameter  and  charge  diameter;  non-Fe 
liners  (45°  Cu  and  A1  arid  60“  glass);  composite 
(sugar  cored)  charges;  and  hard  steel  (Ketos)  and 
A1  targets.  Photographs  (rotating  drum  camera}., 
of  composite  charges  with  inert  cores  (sugar  or 
air)  and  low-density  cores  (ammonium  nitrate, 
nitroguanidlne  and  TNT)  are  evaluated.  A  flash 
photograph  taken  In  a  vacuum  of  an  M9A1  Jet  pene¬ 
trating  a  steel  target  Is  discussed.  Underwater 
penetration  of  120;  Pb  liners  (confined)  and  A1 
liners  (30°-80°  apex  angles,  varying  standoff) 
was  measured.  Scaling  experiments  for  t-in. 
diameter  charges  145°  steel  liners)  against  scaled 
targets  were  completed.  Small  scale  tests 
against  a  "double  hull"  (2  thicknesses  of  steel 
separated  by  a  varying  dep(Ji  of  water)  were  made 
with  45  steel  liners.  Slug  penetration  of  45°  A1 
liners  at  varying  standoff  and  target  thickness  was 
measui  ed.  Penetration  results  are  given  for  M9A1 
lined  charges  lired  into  spaced  steel  targets  and 
comparison  is  made  with  depth  of  penetration  Into 
a  solid  (laminated)  target.  Preliminary  data  arc 
reported  an  the  effect  of  a  flash  tube  extending 
from  a  truncated  liner  apex  through  the  mala 
charge.  Fragment  analyses  of  2  charges  (M9A1 
liners  without  flanges)  fired  into  ice  blocks  are 
made.  Results  of  firings  of  15- in.  /38  cal.  Mk.  35-G 
AA  shells  using  small  shaped  charges  as  boosters 
are  discussed. 
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The  measurement  of  jet  velocity  and  penetration 
time  as  functions  of  standoff  for  45°  A1  liners  was 
made  against  steel  and  water  targets.  Underwater 
performance  of  steel  (20°)  and  A1  (20°,  30°,  00°) 
liners,  lightly  and  heavily  confined  charges  with 
Pb  liners,  and  sleet  confined  charges  with  M9A1 
steel  Liners  i6  discussed.  The  effect  of  Btandoff 
on  penetration  of  steel  targets  by  standard  small- 
scale  unconfined  charges  bearing  steel  (20°),  A1 
(45°,  80°)  and  heavy  Pb  liners  (120°)  and  liners 
with  uniformly  tapering  walls  was  studied.  Tests 
were  made  to  determine  the  effect  of  liner  diam¬ 
eter  base  flange  and  confinement  of  small-scale 
(45°,  8G°)  steel  liners  on  penetration  depth.  Scaling 
ol  45°  steel  liners  and  the  effect  of  target  spacing 
(steel  plates)  on  penetration  were  investigated 
briefly.  A  regulation  M66  7F,-mm.  hollow  charge 
shell  was  fired,  rotating  at  various  speeds  41-la. 
standoff)  and  results  evaluated.  Depth  of  penetra¬ 
tion  was  measured  for  composite  (TNT  core) 
charges  and  for  charges  having  a  central  tube  ex¬ 
tending  from  a  trunca.ed  liner  apex.  A  linear 
charge  initiated  from  1  end  was  fired.  Heavy- 
wailed  45°  steel  liners  were  segmented  horlxontally 
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and  Ilred  to  determine  toss  In  mass  ol  various 
sections  (liner  fragment  recovery]}.  A1  SO”  liners 
were  used  to  determine  the  relationship  between 
Jet  momentum  and  standoff. 
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Blast  velocity  anu  penetration  time  were  meas- 
ured  for  charges  bearing  60°-120°  steel  and  45* 

A1  liners  using  a  water  target.  Underwater  per¬ 
formance  of  heavy  120°  Pb  liners  at  a  standoff 
of  2  charge  diameters,  and  MflAl  lined  charges 
(2-in.  diameter)  with  and  without  base  flange  Is 
discussed.  Comparative  penetration  results  are 
given  lor  standard  small  ecale  M9A1  lined  charges, 
confined  and  unconfined,  fired  against  a  homo¬ 
geneous  armor  plate  target  at  2-tn.  standoff.  The 
adverse  effect  of  the  M9A1  base  flange  in  a  heavily 
confined  charge  with  a  small  explosive  belt  was 
continued.  The  effect  of  confinement  was  also 
observed  in  45°  A1  lined  charges;  M9A1  steel 
liners  (2-in.  standoff)  and  A1  liners  (45°,  2-in. 
and  6-ln.  standoff)  were  compared  for  effect- 
against  spaced  mild  steei  targets  and  tentative 
conclusions  are  drawn.  The  effect  of  rotation 
on  charges  bearing  conical  (20°)  and  hemispherical 
steel  liners  was  studied  briefly.  Penetration  depth 
and  width  of  cut  from  BD°  A1  lined  linear  charges 
fired  against  mild  steel  target  plates  were  meas¬ 
ured  at  varying  standoffs  (0-6  in.).  The  effect  of 
confinement  on  charges  initiated  (nose)  by  detona¬ 
tor  <-r  Primacord  through  a  central  tube  In  the 
main  charge  was  studied.  The  depth  of  penetra¬ 
tion  of  a  composite  liner  (45°  A1  liner  inside  a 
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Partially  completed  results  of  Jet  velocity  meas¬ 
urements  (rotating  drum  camera)  of  3/8-in.  diam¬ 
eter  charges  cased  (1/32-ln.  steel  tubing)  and  un¬ 
cased  bearing  5u“  Cu  or  A1  liners  were  used  in 
an  effort  to  determlre  the  time  Interval  between 
detonation  of  a  small  shaped  charge  and  a  Tetryl 
pellet  al  which  the  charge  was  aimed.  Underwater 
performance  of  charges  with  drawn  (45*.  80°} 
and  pressed  (120°)  Al  liners,  and  drawn  Ca  liners 
(45°)  is  recorded  and  z  study  made  c  i  the  use  of 
small-scale  linear  charges  for  cutting  obstacles 
through  an  intervening  layer  of  water.  The  target 
was  1-in.  mild  steel  plates;  liners  were  steel  or 
Al  (80°,  120°).  Further  penetration  tests  were . 
carried  out  with  drawn  (45°,  80°)  and  spun  (120°) 
Al  liners  in  small-scale  confined  and  unconfincd 
charges.  The  study  of  steel  confinement  on 
charges  bearing  45°  steel  liners  was  continued. 
The  effect  of  nose  initiation  (Primacord,  shaped 
charge,  and  axial  rod)  on  charges,  confined  and 
unconfincd,  having  MDA1  and  M6  liners  was 
studied.  The  relationship  of  standoff  to  penetra¬ 
tion  for  small-scale  linear  charges  (120°  steel 
liners)  and  the  possible  use  ol  linear  charges  for 
cutting  heavy  metal  bars  were  also  investigated. 


45°  steel  liner)  into  a  mild  steel  target  was  meas¬ 
ured  at  2-in.  and  12-in.  standoff. 
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STUDIES  OF  SHAPED  CHARGES,  byD.  P.  Mac- 
Dougall  and  others.  (In  NDRC  Div.  8  Interim 
rept.  on  Shaped  Charges,  Jan.  15-Feb.  15,  1944, 
p.  3-13;  Rept.  no.  SC-G)  Confidential 

Jet  velocities  of  4  1  5/8 -in.  diameter  cast. 
Pentolite  charges  containing  60°  steel  liners  of 
varying  weights  were  measured.  Four  cast 
Pentolite  charges  containing  spun  Al  liners  were 
fired  through  steel  and  water  targets  at  varying 
standoffs  to  determine  penetration  times  and  Jet 
velocities  before,  after,  and  during  penetration. 
Comparative  depths  ol  penetration,  hole  diameters, 
and  hole  volume  in  homogeneous  armor  plate  and 
mild  steel  targets  of  various  thicknesses  resulting 
from  firings  of  small-scale  charges  are  compiled. 
The  effect  of  confinement  on  charges  containing  a 
central  tube  allowing  nose  initiation  was  compared 
to  the  effect  of  confinement  on  charges  having  no 
central  tube  and  using  standard  initiation  (rear). 
Types  of  liners  used  were  MCA1  (steel)  and  M6 
(brass}. 
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STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougall  and  others,  (fn  NDRC  Div.  8  interim 
rept.  on  Shaped  Charges,  Mar.  15-Apr.  15,  1944, 
p.  3-18;  Rept.  no.  SC-8)  Confidential 

Maximum,  minimum,  and  average  Jet  velocities  for 
92  charges  (3/8-in.  diameter)  with  Cu  or  Al  liners 
(GO  and  80°)  are  reported.  One  charge  (83°  Al 
liner)  was  fired  while  rotating.  The  purpose  of 
these  tests  was  to  determine  the  time  interval  be¬ 
tween  detonation  of  a  shaped  charge  and  detonation 
of  a  Tetryl  pellet  at  which  the  charge  was  aimed. 
Underwater  penetration  studies  of  charges  con¬ 
taining  45°  Al  liners  (1-in.  and  2-fn.  diameter) 
were  made  to  determine  If  standoff  scales  linearly 
with  liner  diameter.  Application  of  scaling  laws 
with  respect  to  target  lidekness  was  investigated 
using  smail-scale  charges  (45”-120°  steel  liners) 
fired  against  a  steel  plate  target.  Several  shots 
to  determine  the  effect  of  rotation  on  penetration 
of  hemispherical  and  45°  steel  liners  were  fired. 
Several  results  with  3/8-ln.  diameter  miniature 
rotating  charges  (80°  Al  liners)  are  described. 
Further  work  was  done  on  the  initiation  of  shaped 
charges  by  means  ol  a  miniature  3/8-ln.  diameter 
shaped  charge  fuse. 
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STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougail  and  others.  (La  NDRC  Dlv.  8  Interim 
rept.  on  Shaped  Charges,  Apr.  15- May  15,  1944, 
p.  3-16;  Rept.  no.  SC-9)  Confidential 

Jet  velocity  data  from  3/8-ln.  base  dir  meter  GO 
and  00”  apex,  angle  charges  are  given*  Results 
obtained  from  tests  to  check  on  the  relative 
effectiveness  of  small  angle. (45°)  and  wide  angle 
(00°)  steel  liners  against  thin  steel  plates  through 
■water  are  presented.  Measurements  were  made 
using  a  1  5/B-tn.  diameter  45°  steel  liner  having 
no  base  flange  to  determine  the  behavior  of  the 
liner  ir.  large  water  depths.  Test  results  are 
shown  ior  charges  having  steel  hemispherical 
liners  fired  ai  240  r.p.m.  at  4-  and  6-in.  stand- 
cii  Results  are  given  from  cutting  tube  charges, 
made  by  sectioning  M9A1  liners  and  piecing  them 
together  again  with  the  apex  segment  inverted. 
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Dougall  and  others.  (Jn  NDRC  Div.  8  Interim 
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p.  3-18;  Rept.  no.  SC-10)  Conlidential 


Three  charges  (0. 5-,  0.75-,  1.0-ln.  charge  length) 
with  0  375-  to  0.  0I2-in.  wall  thickness  were  fired 
at  4-in.  standoff  to  study  the  effect  of  charge  length 
on  jet  velocities,  and  the  Initiation  of  Tetryl  pellets 
by  such  lined  charges.  T20  HEAT  rounds  with  steel 
liners  for  the  57-mm.  rccoiiless  gun  were  fired  to 
test  the  effect  of  rotation  on  performance.  Tests 
are  ropurteo  with  45°  liners  with  tapered  wall 
thickness.  Static  tests  of  3.  25-  and  4.  5-ln.  caliber 
charges  against  homogeneous  armor  plate  were 
made  using  80°  steel  liners.  A  fuze  train  was  de¬ 
veloped  to  initiate  the  HE  follow-through  projectile 
with  controlled  delay  to  permit  the  projectile  to 
pass  through  the  hole  in  the  target  before  detonating. 
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STUDIES  OF  SHAPED  CHARGES,  bv  D.  P.  Mac- 
Dougall'  and  others.  (In  NDRC  Div.  3  Interim 
rept.  on  Shaped  Charges,  June  15-July  15,  1S44, 
p.  3-23;  Rept.  no.  SC-11)  Confidential 


a  steel  target  using  gasoline  and  cordite  as  nut e- 
rials  was  investigated.  Tests  were  made  oa  4  3/8  bm 
diameter  45°  steel  liners  having  uniform  •waJlc  amJ 
walls  with  tapering  thickness. 
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STUDIES  OF  SHAPED  CHARGES,  by  D.  P-  Mac- 
Dougall  and  M.  A.  Paul.  (In  NDRC  Div.  8  Interim 
rent,  on  Shaped  Charges,  July  la- Aug.  15,  1944, 
p.  3-39;  Rept,  no.  SC- 12)  Conlidential 

A  series  of  charges  was  fired  at  2  ft.  to  determine 
the  effect  of  water  depth  on  scaling  laws.  wemutB 
cl  testa  on.  2  3/8-ln.  diameter  brass  hemispherical 
liners  without  axial  tubes  are  shown.  Tea  results 
are  given  for  annealed  Cu  liners  fired  at  2-  and 
6-in,  standoff  In  standard  small-scale  charges 
against  laminated  mild  steel  targets.  Penetration 
tests  with  Cd  and  amalgam  liners  were  made.  The 
dispersion  of  lethal  fragments  behLnd  the  target 
was  studied  for  several  tyres  of  small-scale  cavity 
charges. 
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Interim  rept.  on  Shape  J  Charges,  Aug.  15-Sept. 

15,  1944,  p.  3-20;  Rept.  no.  SC-13) 


Results  are  tabulated  for  penetration  tests  using 
offset  MG  steel  liners  (2  sector  and  4  sector, 
soldered)  fired  against  steel  targets  in  an  attempt 
to  introduce  compensation  for  the  adverse  effect 
of  rotation.  A  mathematical  theory  to  account  for 
the  Influence  of  the  direction  of  rotation  on  offset^ 
liners  Is  presented.  Penetration  results  for  1  45 
Cd  liner  fired  rotating  at  230  r.p.  s.  are  included. 
Modifications  uf  ihc  M52B1  point-detonating  mor¬ 
tar  fuze  to  provide  safety  features  for  point 
initiation  for  non-rotatirg  shaped  charge  projec¬ 
tiles  are  described.  Penetration  data  and  high 
speed  photographs  or  the  jets  Iron,  firings  of 
several  2.  24-1.1.  mortar-propelled  projectiles 
containing  modified  M52B1  point-detonating  fuze3 
are  given.  Investigations  to  determine  the  best 
type  of  liner  for  producing  the  largest  possible  hole 
through  thin  armor  plate  were  continued  with  tests 
using  a  cutting-tube  type  of  charge  and  2-in.,  and 
2.25-in.  diameter  conical  lined  (45°  and  80  ) 
charges  for  comparison.  Test  results  arc 
evaluated. 


The  jet  velocities  of  charges  with  80°  liners  were 
obtained.  Modified  hemispherical  lincr3  were 
t^s'ed  in  an  attempt  to  find  some  shape  •hat  would 
be  allected  little  by  rotation,  and  be  more  effective 
at  shorter  standoffs.  Cu  liners,  2.25-ln.  base 
diameter  spun  trom  16  gage  sheet  metal  were 
tested  to  try  to  improve  the  performance  of  the 
point-initiated  2.  34-in.  shaped  charge  projectile. 
Cast  TNT  and  wood  cored  charges  were  tested  on 
2.  25-in.  base  diameter  liners  having  7/10-ln,  out¬ 
side  diameter  steel  tubes  attached.  The  Incendiary 
action  of  the  jet  after  it  had  penetrated  through 


970 

xplosives  Research  Laboratory,  Bruceton. 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougal!  and  M.  A.  r*aul.  (In  NDRC  D:t.  8 
Interim  rept.  on  Shaped  Charges,  Sept.  15- 
Oct.  15,  1944,  p.  3-1(1;  Rept.  no.  SC-14) 


M6  steel  liners  having  grooves  milled  in  the  outer 
surfaces  were  tested  to  determine  the  effect  of 
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rotation  on  penetration.  Three  M6G  75-mm. 

HEAT  shells  bearing  steel  hemispherical  liners 
were  fired  while  rotating  and  results  aic  tabulated. 
Two  2,  34-in.  mortar-propelled  shaped  charge 
projectiles  (45“  steel  liners)  were  fired,  initiated 
by  means  of  M52B1  base-detonating  fuzes 
(modified)  and  high  speed  photographs  of  the  pene¬ 
tration  included.  Further  investigation  with  the 
cutting  tuoe  type  of  charge  lor  defeating  thin 
armor  plate  was  carried  out  and  results  evaluated. 
Modifications  td.  delays  lor  a  fuze  train  for  the 
follow-through  projectile  are  described. 
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A  number  of  spinning  charges  (confined)  bearing 
hemispherical  liners  of  steel  and  Cu  were  fired 
at  varying  standoffs  and  speeds  to  determine 
the  effect  of  rotation  on  penetration.  Illustration 
and  description  of  the  spinning  device  are  included. 
A  study  was  made  of  hole  size  from  penetration 
of  1  5/G-in.  diameter  charges  (splmlng)  with 
steel  (45°,  80°)  and  A1  (80°)  liners  against  2-ln. 
homogeneous  armor  to  determine  possibility  of 
stabilizing  follow  -through  projectiles  by  spin. 
Further  attempts  were  made  to  develop  a  fuze 
with  safely  arming  features  for  the  forward  com¬ 
ponent  of  the  foilow-through  projectile  by  ob¬ 
serving  results  from  firings  of  several  Ghcllo 
containing  the  modified  point-detonating  fuze 
(M52BI).  In  order  to  establish  the  feasibility  of 
point-initiation  in  large  shaped  charge  bombs  by 
means  of  a  shaped  charge  fuze,  1-ln.  diameter 
small-scale  conical  lined  charges  were  tested  for 
accuracy  of  alignment  and  ability  to  Initiate  a 
pressed  Tetryl  booster  some  distance  away. 

L972 


diameter  charges  bearing  80°  A1  liners  were 
fired  down  2-in.  Inside  diameter  flash  tubes  at 
Tetryl  pellets  48  in.  away  to  determine  possible 
application  to  point  initiation  of  1,  000-lb.  shaped 
charge  bombs.  A  diagram  indicating  how  the 
AN- Ml 03  nose  fuze  may  be  modified  as  a  shaped 
charge  fuze  is  given.  High  speed  photographs 
showing  the  Impact  of  M6A3  rockets  against  steel 
targets  protected  by  spikes  are  included. 

t973 

Explosives  Research  Laboratory,  Bruceton. 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
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The  effect  of  confinement  on  the  performance  of 
45°  steel  liners  (1  5/3-ln.  diameter)  was  studied. 
A  plastic  ltring  pin  in  the  M52B1  PD  fuze,  modi¬ 
fied  for  spitback  shaped  charge  initiation,  was 
tested  in  dynamic  rounds  of  2.  34-in.  caliber. 

The  relative  effectiveness  of  70/30  Cyclolol, 
PTX-2,  Comp.  B  and  Pcntolite  in  small' cavity 
charges  was  investigated.  The  separation  of  ex¬ 
plosive  from  liner  was  studied  to  determine  the 
effect  of  such  a  gap  on  the  performance  of  small 
cavity  charges.  Small  charges  bearing  1  D/8-ln. 
diameter  45°  and  60°  steel  liners  were  fired 
against  targets  representing  scaled-down  ship 
deck  systems  In  connection  with  the  development 
of  the  AN  M65  GP  1000-lb.  bomb. 
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A  spinning  Cu  hemisphere  was  fired  at  6- In. 
standoff  and  260  r.  p.  s.  Results  are  tabulated. 
Rotating  shots  of  T20E2  57-mm.  HEAT  rounds, 
bearing  1.88-in.  Cu  hemispheres  with  axial 
Gash  babes,  were  fired  and  the  results  evaluated 
in  relation  to  stabilization  of  their  performance. 
Further  unsuccessful  attempts  to  apply  the  M5B1 
fuze  to  the  forward  component  of  the  Gulf  follow- 
through  projectile  are  discussed.  Tests  with  the 
proposed  TS9  2.  36-in.  rocket  head  led  to  the 
discovery  that  the  performance  was  Improved  by 
'  using  a  heavier  walled  liner  (M6  steel)  with  wider 
flash  tube  (3/8  In.)  attached.  Penetration  test 
results  for  these  rocket  heads  with  and  without 
the  above  modifications  are  tabulated.  Ten  1-fa. 


Scaled-down  shaped  charge  bombs  were  fired 
against  targets  representing  ship  deck  systems. 
The  charges  fired  had  casings  corresponding 
closely  In  shape  to  that  of  the  1000-lb.  GP  AN  M65 
bomb. 
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RATE  OF  DETONATION  CAMERA  USED  FOR 
STUDY  OF  SHAPED  CHARGES,  by  F.  J.  Martin 
and  others.  Jan.  4,  1943,  5p.  Inel.  illus.  tables. 
(Research,  rept.  no.  38-A)  Confidential 

Data  are  presented  from  3  charge  types  (solid 
cylindrical  rod,  cylindrical  rod  having  a  cylindrical 
eavily  bored  inio  1  end,  and  a  cylindrical  rod  having 
a  cylindrical  cavity  in  the  middle  section  of  the 
charge).  Detonation  velocity  and  blast  velocity 
were  measured,  and  profiles  ol  the  blast  from 
>ome  of  the  charges  are  graphed. 
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[Explosives  Research  Laboratory,  Bructton]. 

RATE  OF  DETONATION  CAMERA,  USED  TO 
DETERMINE  BLAST  OUTLINES  FOR  CONE 
CHARGES,  by  F.  J.  Martin  and  others.  Jan.  4, 

1943,  14p.  incl.  illus.  dlagr&.  (Research  rcpL 
no.  39A)  Confidential 

The  theory  used  and  the  experimental  wort  dou2 
to  obtain  the  outline  d!  a  luminous  blast  from  urc- 
lincd  charges  at  successive  Intervals  ol  time  arc 
given.  Profile  curves  are  shown  for  45",  80",  and 
120°  liners. 
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BEHAVIOR  OF  THE  JET  FROM  A  CAVITY 
CHARGE,  by  D.  P.  MacDougail  and  others.  Juno  21, 
1943,  26p.  (Rept.  prepared  for  the  Technical  Meeting 
of  the  Joint  Committee  on  Shaped  Charges  to  be 
held  in  Washington,  D.  C. ,  June  30,  1943) 

Confidential 

A  fundamental  study  of  the  jet  after  It  emerges 
from  the  cavity  was  conduclnd.  Jet  velocity  and 
penetration  velocity  were  measured  against  various 
target  materials  by  means  of  the  rotating  drum 
camera.  Luminous  profiles  of  the  jet  (rotating  drum 
camera  photographs)  were  studied  to  determine  its 
effective  diameter.  Toots  were  carried  out  to  deter¬ 
mine  the  kinetic  energy  of  the  jet.  A  discurslon  of 
flash  photography  and  some  flash  photographs  of 
jets  from  various  types  of  liners  are  included. 
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An  Index  to  NDRC  interim  and  progress  repts.  on 
shaped  charges  Is  Included  ir.  this  repL 
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Cuand  A1  liners  (1  5/8-ln.  diameter)  fitted  in 
the  noses  of  bomb  casmgs  were  fired  against  tar¬ 
gets  representing  battleships  with  and  without  super¬ 
structure.  Tests  to  study  the  effect  of  oif-center 
initiation  were  made  with  the  T2003  electromagnetic 
nose  fuze.  Modified  T2003  nose  fuzes  consisting 
of  plastic  M52B1  fuze  bod'es  were  tented.  The 
elfeci  of  separation  of  tne  iiner  and  charge  was 
studied  on  1  5/8-ln.  diameter  charges  fired 
through  12  in.  of  water  backed  by  steel.  T  ests 


were  made  with  A1  and  steel  liners  vs.  steel  tar¬ 
gets  protected  by  1-in.  layers  of  50/50  Amatol 
and  NH4NO3  in  an  attempt  to  discover  whether  the 
destructive  action  of  explosives  on  jets  was 
peculiar  to  Ad  and  whether  A1  or  steel  jets  could 
be  destroyed  by  a  simple  oxidation  without 
explosion. 
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DougalTand  M.  A.  PauL  (In  NDRC  Div.  8 
interim  rept.  on  Shaped  Charges,  Max.  lfl-Apr, 

15,  1945,  p.  3-27;  Rept.  no.  SC-20) 

Confidential 

Offset  trumpet  liners  were  tested  la  an  attempt 
to  counteract  rotation.  Three  lull-scale  shaped 
charge  bombs  were  fired  against  a  target  repre¬ 
senting  a  battleship  without  superstructure.  The 
instantaneous  functioning  time  of  the  AN  M103  bomb 
nose  fuze  and  the  functioning  times  of  the  M400 
and  MfOOEl  base  fuses  were  estimated  by  high 
speed  photography.  Tests  were  made  on  a  new 
lot  of  iiuld  79/30  Cyclotol  to  obtain  good  castings 
Tor  small  cavity  charges.  Preliminary  data  are 
presented  for  liner  eccentricity  tests. 

L981 

Explosives  Research  Laboratory,  Bruceton 
(OEMsr-202). 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougall  and  M.  A.  PauL  (In  NDRC  Div.  8  Interim 
rept.  on  Shaped  Charges,  Apr.  15-May  15,  1945, 
p.  3-25;  Rept.  no.  SC-21)  Confidential 

Since  difficulty  was  encountered  when  applying 
spltback  initiation  to  the  Gulf  foilow-through  pro¬ 
jectile,  the  effect  of  an  axial  tube  on  the  penetra¬ 
tion  was  reinvestigated.  Teats  were  conducted 
on  Ihe  T59  2. 36- in.  HEAT  rocket.  Poor  perform¬ 
ance  by  MCA3  rockets  equipped  with  M400  and 
M400E1  base  fuzes  was  investigated.  Comparative 
tests  on  Simmons  and  Budd  Cu  M8  liners  were 
made.  Several  1:10  scale  bombs  were  fired  lo 
determine  whether  or  not  an  extra  quantity  of 
explosive  beyond  the  diameter  of  the  iiner  had 
any  significant  effect  on  the  performance. 

L982 

Explosives  Research  Laboratory,  Bruceton 
(OEMsr-2C2). 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougall  and  M.  A.  PauL  (In  NDRC  Dlv.  8 
Interim  rept.  on  Shaned  Charges,  May  1 5- June 
15,  1S45,  p.  3-27;  R-pL  no.  SC-22)  Confidential 

The  results  of  a  shaped  charge  bomb  against  a 
target  representing  a  large  aircraft  carrier  are 
shown.  The  effect  of  symmetrical  llnor  distor¬ 
tions  on  shaped  charge  performance  was  Investi¬ 
gated.  Alignment  lesls  On  3/8-in.  diameter 
shaped  barge  auxiliary  detonator  units  were  con¬ 
ducted.  Data  on  the  effect  of  an  axial  flash  tube 


SECRET 


170 


c 


on  the  performance  of  a  small  cavity  charge  arc 
presented,  A  projectile,  propelled  by  the  T59 
rocket  motor  was  designed  to  defeat  12-in.  armor. 
Tests  on  the  T59  rocket  head  containing  the 
electromagnetic  point-initiating  fuze  T2003  are 
reported. 

L9S3 

Explosives  Research  Laboratory,  Bruceton 
<OEMsr-202j. 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  Mac- 
Dougali  and  M.  A.  PauL  (In  NDRC  Dlv.  8 Interim 
repl.  on  Shaped  Charges,  June  15-Juiy  15,  1945, 
p.  3-20;  Kept.  no.  SC-73)  Confidential 

Offset  trumpet  liners,  modified  to  counter  the 
effect  of  spin,  were  fired  at  rotational  speeds  In 
the  positive  direction  ranging  from  0  io  293  r.  p.3. 
The  effect  of  standoff  on  the  penetration  of  steel- 
cased  charges  bearing  MG  steel  and  M8  Cu  45c 
liners  of  0.  062- in.  wall  thickness  was  determined. 
Tests  on  rocket  heads  with  T2000  fuzes  are  re¬ 
ported.  Scale  tests  of  the  shaped  charge  bomb  were 
continued  with  a  63’  steel  liner  of  2-ln.  base  diam¬ 
eter  and  0. 041 -In.  wail  thickness. 


L98J 

Explosives  Research  Laboratory,  Brucetoa 
(OEMsr-202). 

STUDIES  OF  SHAPED  CHARGES,  by  D.  P.  M2C- 
Dougall  and  M.  A.  PauL  (In  NDRC  Dlv.  8 
Interim  repl.  on  Shaped  Charges,  July  15-Aug.  15, 
1945,  p.  3-G;  Rept.  no.  SC- 24)  Coniidcntial 

Disappointing  results  in  connection  with  the  T2000 
fuze  were  investigated.  A  steel  pin  1  3/16  in.  long 
was  set  vertically  on  a  steel  target  and  a  charge 
2  1/16  in.  in  diameter  bearing  a  sieel  liner  with 
axial  flash  tube  was  tired  at  4-in.  standoff  from 
the  target,  the  pin  being  aligned  on  the  charge  axle. 


Explosives  Research  Laboratory,  Bruceton  see  also 
Carnegie  Institute  ol  Technology  OEMsr-Zffl 


L93S 

Fabrik  Kriimmel  Dor  Dynamit-Akrien-Gesellschaft, 
vormals  Alfred  Nobel  &•  Co. 

REPORT  ON  THE  MEETING  AT  OFFICES  OF 
WEAPONS  PROOF  AND  DEVELOPMENT  ON 
DEC.  14,  1942  ON  HOLLOW  CHARGES  (Relerat 
auf  del  Sitzung  bei  Wa  Priii  am  14.  12. 1942  iiber 
Hohltadungen)  fslcl,  by  [Meyer],  Jan.  19,  1943, 
[I"]p.  inch  tables,  diagrs.  (OTIB  rept,  no.  1249, 
Misc.-6  -  In  German)  Unclassified 

A  rept.  is  made  on  experiments  comparing  firing 
and  blasting  with  2  types  of  armor  piercing  sheila 
(with  and  without  nozzle)  and  with  various  ex¬ 
plosive  mixtures  including:  ((a)  50%  TNT  and  50% 
Cycionite;  (b)  70%  TNT  and  3C%  Cyclonite;  (c)  40% 
TNT,  30%  Cyclonite,  and  30%  ammonium  nitrate). 
Best  firing  results  were  obtained  with  explosive 


c  and  best  blasting  results  with  explosive  b.  Noz¬ 
zles  oiler  improve  the  effect.  Contrary  to  ex¬ 
pectation,  impact  fuzes  worked  satisfactorily. 

Spin  has  a  reducing  effect  on  the  penetration.  It 
may,  however,  be  partly  compensated  for  by 
drilling  a  suitable  hole  into  the  shell  no3e.  Tho 
partial  vacuum  which  results  in  the  air  space 
improves  the  performance,  (APG  abstract) 


L9B6 

Fagerberg,  G.  and  C.  H.  Johansson. 

BLASTING  EFFECT  OF  EXTERNAL  CHARGES 
UPON  BLOCKS  AND  BOULDERS  (Sprangverkan 
av  utanpa  liggande  laddningar  pH  block  och  skut. 
Jernkonlcrels  Annaler,  v.  133(6),  1949:  199-232). 


The  terra  "directed  blasting"  is  discussed  with 
special  emphasis  on  the  effect  of  concentration 
obtained  with  a  charge  having  a  conical  cavity 
(Munroe  effect).  In  Swedish,  shaped  charges 
are  called  "blasterlaadningar"  (blowing  charges); 
solid  charges  are  termed  "massivlacidningar"; 
and  il  the  shaped  charges  are  lined,  they  are 
known  as  projektilladdningar"  (projectile  charges). 
The  theory  of  the  projectile  charge  and  results 
of  its  use  for  blasting  drill  holes  and  boulders  are 
discussed.  It  is  concluded  that  they  are  not  satis¬ 
factory  for  civilian  use  because  of  excessive  costs. 
Experiments  wi.h  solid  and  blowing  charges, 
referred  to  collectively  as  ''slaglatidnlngar" 

(slock  charges)  proved  to  be  more  satisfactory, 
especially  when  clay  is  packed  around  the  charge 
so  that  it  adheres  to  the  target.  The  following 
factors  affecting  the  use  ol  shock  charges  were 
investigated:  cost,  confinement,  and  required 
amount  of  explosive.  Numerous  illustrations, 
calculations,  and  diagrams  are  included. 

L9S7 

[Far  East  Command]. 

HIGH  EXPLOSIVE  ANTITANK  (HEAT)  AM¬ 
MUNITION  FOR  THE  SOVIET  M1927  76-MM. 
HOWITZER,  bv  [Ordnance  Intelligence  Team  hi 
Korea],  [1950],  2p.  ir.cl.  dlagrs.  (Oidnance 
Technieal  Intelligence  rept.  no.  21;  Rept.  no. 
T3-971-50)  Secret 

Three  HEAT  rounds  for  the  M1927  76-mm.  Soviet 
Howitzer  were  examined.  The  unfuzed  projectile 
hada  0.5-in.  threaded  cavity  in  the  nose,  protected 
by  a  black  plastic  threaded  plug.  No  explosive  was 
visible  due  to  the  cavity  in  front  of  the  shaped 
charge.  Dimensions  are  given  for  the  carrying 
and  cartridge  cases. 

L963 

[Far'  East  Command], 

RPG-43  HEAT  HAND  GRENADE,  by  [Ordnance 
Intelligence  Team  in  Korea).  [1953],  lp.  dlagr, 
(Ordnance  Technical  Intelligence  rept.  no.  11; 
Rept.  no.  TB-797-50)  Secret 
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Eleven  hand  grenades,  which  appeared  to  be 
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similar  to  the  "RPG-43  HEAT  hand  grenade", 
were  captured  north  of  Hawchang-  The  grenade 
contained  the  explosive  (presumably  a  shaped 
charge),  and  the  firing  pin.  No  performance  data 
are  given. 

X.989 

Federal  Telephone  and  Radio  Corporation  (OEMsr- 1215), 
A  SUMMARIZING  REPORT  ON  PROJECT 
C  ASET  JONES,  by  XV.  H.  Crew  and  S.  P.  Shackle- 
ton.  Sept.  1,  1945,  lv.  Inch  iilus.  (Appendix  to 
final  rept.  on  Contract  OEMsr- 1349;  Final  rept. 
on  Contract  OEMsr- 121 9}  (7n  cooperation  with 
riiws  and  Jeffries,  Inc.,  Contract  OEMsr- 1349) 

(See  item  no.  LI  509.)  Confidential 

L990 

Ferguson,  R.  H. 

SAFETY  PRECAUTIONS  IN  JET  TAPPING. 

Journal  of  Metals,  V.  3,  May  1951:  377-378. 

The  Jet  tapper  accomplishes  the  opening  of  a  tap 
hole  without  any  Individual  being  near  the  runner 
and  reduces  the  skulling  in  the  stopper  well.  It  was 
pointed  out  that  a  r  are  of  24  jet  tappers  was  com¬ 
pletely  burned  In  a  bonfire  of  kerosene-soaked 
wood  without  any  sign  of  a  violent  reaction.  In 
another  test,  0  tappers  were  laid  side  by  side 
between  steel  plates,  and  a  150-lb.,  weight  was 
dropped  9  ft.  onto  the  upper  plate.  Although  the 
charges  were  completely  crushed,  there  was  no 
evidence  of  detonation.  Precautions  are  discussed 
for  the  cases  where  the  tapper  cannot  be  fired  by 
the  operator,  end  where  the  heat  breaks  out  and 
the  gush  of  molten  steel  washes  the  assembly  down 
the  runner  into  the  ladle.  • 

L091 

Fighting  Vehicles  Design  Department  (Gt.  Brit.). 

V.'IRE  SKIRTING  SCREEN  DEFENSE  AGaINST 
HOLLOW  CHARGE  ATTACK,  by  C.  G.  Phillips. 
Feb.  22,  1940,  13p.  incl.  Ulus.  (Armor  Branch  ' 
rept.  no.  AT  271,  Parti;  Inclosure  1  to  MA 
London  rept.  no.  R1017-46)  Secret 

The  protection  afforded  by  wire  skirting  screens 
against  attack  by  Panzerfaust  100  was  Investigate^* 
In  firing  trials  held  at  Shoeburyness  on  Jan.  9, 

1943.  An  unsprung  wire  screen  of  10-gauge  wire, 
1-ln.  square  mesh,  was  spaced  30  in.  ahead  of  a 
4-ln.  thick  homogeneous-armor  plate.  This  target 
was  attacked  at  normal  and  r.t  30°  from  a  range  of 
20  yd.  The  use  of  the  spaced  screen  gave  increased 
protection,  but  not  sufficient  to  give  complete 
immunity  to  the  target.  Two  appendixes  contain 
tabulated  detailed  firing  results  and  a  photographic 
record  of  the  tests. 

-  LOSS 

Flahtlne  Vehicles  Design  Department  (Gt.  Brit.). 

nif  piHtM.'inTT  t  cr*  A  ATf/ri  Ar  ATXTC*P 
i  lak.  1 11/11  Ult  L  nurvoiiliuia  a  -ra_i  i  iki  1 

PANZERFAUST,  by  R.  C.  Ballam.  Feb.  23,  1948, 
14p.  Incl.  Ulus.  (Armor  Branch  rept.  so. 

AT  271,  Part  D;  Inclosure  1  to  MA  London  rept. 
no.  H 1929-46)  Secret 


The  investigation  was  made  to  determine  the  degree 
of  protection  against  Panzerfaust  afforded  by  ex¬ 
panded  metal  screens  devised  by  the  Fighting 
Vehicles  Design  Department.  Panzerfaust  60  and 
100  were  directed  against  the  target  from  a  Uxed 
mounting  at  a  9-yd.  range.  Both  types  were  used 
at  normal  angles,  and  Panzerfaust  69  was  used 
at  angles  varying  from  30°  to  00°  obliquity  from 
a  range  of  IQ  yd-  Tests  showed  that  the  layout  al 
screens  provided  limited  prelection  against 
Panzerfaust  00.  Perforation  of  the  £ide  armor 
occurred  under  attack  at  angles  up  to  60°  obliquity. 
The  extent  of  damage  decrea  sed  as  the  attack 
angles  Increased.  It  was  concluded  that  this  type 
ol  screen  did  not  aflord  effective  protection. . 

zm 

Fighting  Vehicles  Design  Department  (Gt.  Brit.). 
DEFENSE  OF  AfRMORED]  FpGHTlNG] 
VfEHICLES]  AGAINST  ATTACK  BY  HOLLOW 
CHARGE  WEAPONS,  by  A.  R.  F.  Martin. 

Deo.  1948,  3 In.  incl.  lllus.  tables,  rtlagrs. 
(Pcrmament  Records  of  Research  and  Develop¬ 
ment,  MOSMonograpb.no.  5.035)  Restricted 

A  summary  Is  presented  of  the  defense  ol  AFV'fl 
•against  attack  by  shaped  charge  weapons.  A  cer¬ 
tain  degree  of  protection  was  obtained  by  making 
the  charge  detonate  away  from  the  main  armor 
plate  by  means  of  a  thin  skirting  plate.  Plastic 
armor,  consisting  of  Ftone  or  gravel  In  a  bi¬ 
tuminous  matrix,  had  better  resistance  to  shaped 
charge  attack  than  an  equal  weight  of  steel.  Trials 
were  made  also  with  oxidizing  agents  and  explo¬ 
sives,  spikes  attached  to  armor,  and  resilient 
screens.  The  most  promising  means  of  defense 
was  with  the  thin  skirting  plate  mounted  as  far 
from  the  main  armor  as  possible. 


Fighting  Vehicles  Design  Department  (Gt.  Brit.), 
see  also  Department  of  Tank  Design  (Gt.  Brit.) 


L994 

r  ightlng  Vehicles  Design  Establishment  (Gt.  Brit.). 
THE  EFFECT  OF  ENERGA  GRENADES 
AGAINST  LIVE  AMMUNITION,  PETROL,  -AND 
DIESEL  FUEL,  by  A.  Ha  vey  and  A.  E.  Masters. 
Jan.  11,  1951,  [13)p.  incl.  lllus.  tables.  (Rept. 
no.  AT  320/1)  Secret 

Tests  were  made  to  determine  whether  the  pro¬ 
pellant  In  live  ammunition  or  petrol  and  diesel 
fuelB  could  be  Ignited  when  the  armor  plate  behind 
which  they  were  stowed  was  defeated  with  Energa 
grenades,  and  to  determine  the  extent  of  frag¬ 
mentation  of  the  Energa  grenades.  Mock-up  tar¬ 
gets  were  arranged  so  that  Energa  grenades  were 
aimed  at  petrol  tanks,  diesel  oil  tanks  and  6  pr. 
live  rounds  of  ammunition  through  100-mn.  armor 
at  normal  obliquity  from  a  range  cf  10  m.  Results 
showed  that  after  penetrating  armor  100  mm, 
thick  at  normal  obliquity,  the  jets  from  the  Energa 
grenades  caused  propellant  fires  In  6  pr.  ammuni¬ 
tion  In  2  attacks,  and  a  burst  cartridge  case  in  a 
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third  attack,  attacks  ~ith  this  weapon  also  Ig¬ 
nited  tanks  containing  petrol  butdtdnotigntte 
diesel  oil  under  the  same  conditions  of attocK. 
The  most  lethal  fragment  thrown  baca  trom  the 
target  consisted  of  a  light  alloy  disc  0.8  In.  m 
diameter  x  0.4  in.  thick. 


Fiehtlng  Vehicles  Proving  Establishment  (Gt.  Brft.) 

8[with  Fighting  Vehicles  Design  Establishment 

EFFEGT  OF  BEEHIVE  MINES,  by  J.  Baker. 

Aug.  8,  1519,  [7]P-  BicL  illus.  (Rept.  no.  ^ 

AT  306) 

Tests,  were  made  to  determine  the  effect  of  30-lb. 
Beehive  demolition  charges  detonated  below  the 
track  and  hull  of  a  heavy  AFV,  armored  £lK-'  2 

vehicle,  with  the  charges  buried  at  «r  ous  depJ^ 
down  to  S  ft.  below  ground  level.  Re5™15 
that  to  allow  the  hollow  charge  jet  to  develop, J;  . 

'  las  essential  that  suffictont  air  space  be  provided 
zsove  the  mine,  measured  from  the  apex  ^  toe 
liner.  At  a  depth  of  32  in. ,  measurea  frona  the 
base  of  the  liner,  and  with  an  earth  cover  of 
20  In  ,  toe  jet,  if  properly  developed,  could  hoi 
the  door  plate  of  the  AFV  target  and  cans  ex-^ 
tensive  damage  to  the  stowage  and  D.ttogs,  per 
foration  of  live  ammunition  would  cause  a  coroue 
fire.  A  mine  laid  at  a  depth  of  32  in.  below  the 
center  of  a  track  failed  to  sever  it,  the  jet 
breaking  the  inner  spuds  of  3  track  lin  s. 
pointed  out  that  possibly  the  mine  was  n°£  ab¬ 
solutely  level,  thus  projecting  the  jet  at  an  ang 
away  from  the  center  of  the  track. 

L990 

Wichtlmr  Vehicle b  Proving  Establishment  (Gl.  Brit.) 
"fllto  Fighting  Vehicles  Design  Establishment 

EFFECT^  OF  BEEHIVE  MINES,  by  A.  Harvey 
and  A.  E.  Masters.  Aug.  22,  1950,  [8]p.  tncl. 
illus.  tables.  (Kept.  no.  AT  309/1)  ecre 

Tests  were  made  to  determine  the  effect  of 
6.  25-lb.  Beehive  demolition  charges  detonated  be¬ 
low  the  track  and  hull  floor  plate  of  a  heavy  AF  , 
armored  fighting  vehicle,  when  the  charges  were 
buried  at  various  depths  below  ground  leve  , 
to  compare  the  resu'ts  with  those  obUtoed  from 
the  20-lb.  Beehive  demolition  charge.  Thetes 
showed  that  the  jei  from  this  type  of  mine,  buried 
to  give  18  in.  of  earth  covering  and  detonated  un¬ 
der^  belly  of  an  AFV,  perforated  the  Boor  plate 
and  limited  cartridge  cases  within  the  vehicle. 

When  the  mine  was  detonated  below  the  track,  the 
« 1.  l»*  suspension  npprototely 

confined  to  a  small  area  around  the  Jet.  lal 

under  the  track,  toe  elfect  of  the  Beehive  was  very 
much  less  destructive  than  ‘lie,nor™\^ 

A/T  disc  type  mine.  Detonated  under  the  belly 
the  A/T  mir.a  containing  20  !.b.  of  explosW 
Immobilized  the  vehicle  by  permanently  oulglng 
the  Boor  plate  and  displacing  the  internal  gear, 
iv h proas  the  8. 25-lb.  Beehive  mine  was  not  so 
certain  to  Stop  the  tank.  The  effect  of  the  jet  on 


the  crew  is  not  known.  The  testfi  indicated  that 
the  limiting  depth  of  earth  cover  for  «*  M5-lb. 
Beehive  mine,  to  effect  Boor  plate  perforation, 
was  around  29  In. 


Eiphttng  Vehicles  Proving  Establishment  (Gt.  BrlL) 
[with  Fighting  Vehicles  Design  Establishment 

ENEitGAGRENADE  vs.  german  panther  . 
TANK,  by  J.  Baker  and  D.  M.  Rycroft.  NoV. 

15,  1950,  16p.  incl.  Ulus.  (Kept-  AT 
TIP  S1022 

The  Energa  rllle  grenade,  weighing  1.  5  lb.  and 
having  an  effective  range  of  150  yd. ,  was  tested 
-Gainst  a  tank  target.  Of  the  34  rounds  fired  at 
the  German  Panther  V,  model  G  tank,  30  were 
effective.  From  these  firLngs,  it  was  conclude 
that:  (a)  armor  100  mm.  thick  could  be  defeated 
at  50"  obliquity  and  45  mm.  of  armor  al  l 5 
beyond  75°  the  fuze  failed  to  function,  (b)  the 
shaped  charge  Jet,  after  penetrating  die  tank 
aS,  was  capable  of  killing  or  maindng  person¬ 
nel  caus'n"  fuel  fires,  and  damaging  cquip-.e  4 
however,  the  damage  was  very  local,  occurring 
only  in  the  direct  path  of  the  jet;  (cl  pbsUe 
protective  plating  (PPP)  and  Churchill  trac.. 
links  failed  as  defensive  mechanisms  against  the 
grenade;  (d)  a  skirting  plate  5  mm.  thick,  placed 
29  In  from  the  tank  armor,  defeated  the  gren 
in  the  first  attack;  in  the  second  attempt,  ine  jet 
lust  defeated  the  armor.  Round-by-round  a^se 
ments  of  the  firings  are  given. 


Fighting  Vehicles  Proving  Establishment  (Gt.  Brit.) 
‘’[with  Fighting  Vehicles  Design  Establishment 

SraSSW  pmjectii.es  VE  WS.ro 

CHURCHILL  TANK,  by  A.  Harvey  andA.  E.l Was¬ 
ters.  May  10,  1951,  [31]p.  Incl. -Illus.  (Hept- 
no.  AT  324)  Secret 

Comparative  tests  were  made  to  determine  the 
lethality  of  3  types  of  shaped  charge  weapons 
against  a  tank  incorporating  spaced  plate  armor. 
The  attacks  were  made  with  3.  5-in.  US  Bazook 
shaned  charge  rockets,  and  4.  5-  and  5- In.  caliber 
shaped  charge  heads.  The  target  was  a  Churchill 
Mark  4  tank  with  glacis  plate  up-armored  to 
6  3/3  in.  thick  at  64°  from  normal.  A  14-mm. 
plate  was  available  as  a  glacis  burster  r^te 
spaced  4  in.  from  the  main  armor.  Results 
showed  that  shaped  charge  jets  from  eacli  caliber 
succeeded  Ir.  perforating  the  armor,  caused 
casualties  among  the  crew,  damaged  the  equip¬ 
ment,  and  initiated  ammunition  fires.  PcneiranOii 
resu'ts  showpd  that  the  5-in.  shaped  charge 
head  was  superior  to  the  other  heads. 
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Fighting  Vehicles  Proving  Establishment  (Gt.  Bril.) 
[with  Fighting  Vehicles  Design  Establishment 
cover  sheet]. 

THE  EFFECT  OF  HOLLOW- CHARGE  MINES, 
by  A.  Harvey  znd  A.  E.  Masters.  Nov.  26,  1951, 
3p.  Ulus.-  labi-s,  dlagrs.  (Rept.  no.  AT  309/2) 

Secret 

Tests  were  made  to  determine  the  ellect  of  shaped 
demolition  charges  (Amer  lean  M2A3  charges  and 
British  16-lb.  demolition  charges  no.  6)  employed 
in  ihe  role  ol  antitank  mines.  The  charges  were 
detonated  beneath  the  trad:  and  belly  ol  a  heavy 
AFV.  The  American  demolition  charges,  M2A3, 
were  effective  in  making  a  hole  In  the  belly  plate 
when  buric-d  up  to  18  In.  deep,  but  at  24  In.  deep, 
the  belly  suffered  only  slight  local  bulging  without 
perforation.  The  British  16-lb.  HC  demolition 
charge  no.  0  produced  a  hole  in  ihe  floor  plate 
when  burled  22  in.  below  ground  level.  Neither 
of  the  charges  directed  against  the  vehicle  tracks 
caused  sufficient  damage  to  immobilize  the 
vehicle.  It  was  noted  that  adequate  space  free  of 
earth  must  be  'novlded  above  the  liner  to  allow  the 
Jet  to  form;  otherwise,  the  performance  Is 
greatly  degraded. 

L1DDD 

Firestone  Tire  and  Rubber  Co.  (DAS3-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  1.  Aug.  195U,  29p.  incL 
tables,  dlagrs.  Confidential  * 

Work  was  undertaken  to  design,  develop,  and 
manufacture  a  105-mm,  Battalion  Antitank  rifle 
(BAT),  with  accessories  and  ammunition,  capable 
of  defeating  the  heaviest  armor  of  any  known  tank 
at  ranges  up  to  1000  yd.  Two  T138E20  projectiles 
without  tee,  fired  at  6  7/8-in.  standoff,  penetrated 
15  and  15.  75  In.  of  armor  plate.  Five  projedtilfeB 
fired  at  a  spin  rate  of  45  r.  p.  a.  penetrated  9. 5, 

10,  10.  75,  10.  5,  and  10-in.  at  a  standoff  of 
0  7/8  In.  In  each  of  the  firings,  00“  Cu  liners, 
a  M36  detonator,  and  a  t'etryl  booster  were  used. 

No  fuze  was  used. 

L1001 

Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  2.  Sept.  1950,  37p.  IncL 
tables,  dlagrs.  Confidential 

The  standard  T138E20  projectile  assembly  with 
c.g.  at  1,  04  calibers  from  the  base,  consists  ol 
an  A1  plug,  steal  body.  Cu  liner  assembly,  steel 
ring,  and  A1  tee.  A  gToup  of  these  projectiles  was 
modified  by  moving  the  c.  g.  rearward  0. 24  cali¬ 
bers  by  means  of  an  extra  heavy  steel  plug,  A1 
ring,  and  A1  tee.  Projectiles  were  also  designed 
with  a  hea>7  steel  plug,  A1  ring,  and  A1  tee  so  that 
the  c.  g.  was  moved  rearward  0. 13  calibers.  Other 
projectiles,  designed  without  rotating  bands  and 
with  brass  tee,  had  the  c.  g.  moved  forward 
0. 06  calibers.  Another  projectile  with  Al  body  and 


a  brass  tee  had  Its  c.  g.  0. 19  calibers  in  front  of 
the  c.  g.  of  the  standard  TJ38E20  projectile. 

Results  of  accuracy  firings  (velocity  from  1800 to 
2000  ft.  /sec.)  of  the  modified  T133E20  projectiles 
showed  that  there  probably  Is  a  position  for  the 
c.g.  in  the  region  around  0.  85  calibers  from  the 
rear  which  is  optimum  for  the  projectiles  having 
the  c.  g.  toward  the  rear.  Increase  of  the  muzzle 
velocity  resulted  in  an  Improvement  In  accuracy. 

It  is  pointed  out  that  the  possibility  exists  tor 
firing  the  projectile  with  0  spin  and  c.g.  well 
forward.  Accuracy  might  be  improved  by  in¬ 
creasing  the  projectile  weight  and/or  increasing 
the  muzzle  velocity  without  affecting  the  gun 
weight.  The  Armor  T84  75-mm.  projectile  and 
the  Naval  Ordnance  Test  Station  (NOTS)  fin  rocket 
are  being  studied  In  connection  with  the  develop¬ 
ment  of  the  BAT  weapon.  A  few  "Moby  Dick" 
type  drag-stabilized  projectiles  were  constructed 
lnthc37-mm.  size.  Several  of  the  projcctileo 
had  smooth  body  and  nose,  while  others  bad  a 
"pine-cone"  type  nose..  The  theory  of  spin  compensa¬ 
tion  is  discussed.  The  data  show  that  the  values 
of  the  variable  consistent  with  practical  liners  of 
the  105-mm.  size  can  be  determined.  Tabular 
data  are  included  which  review  results  obtained 
in  the  penetration  study  program.  Improvement  In 
performance  of  the  45°  liner  over  the  00°  liner  led 
to  the  study  of  the  liner  angle  variation.  With  e0° 
liners  fired  at  7.  5-ln.  standoff  and  0  r.p.s. 
roiatlon,  rounds  (old  lot),  containing  Comp.  B. 
initiated  by  spltback  fuze,  with  Frankford  Arsenal 
liners,  Prlmacord,  penetrated  from  9  1/15  to 
14.5  in.:  rounds  (old  lot),  containing  Comp.  B,- 
no  fuze,  standard  ring,  base-initiated  with  Frank- 
ferd  liners  penetrated  from  13  3/8  to  15.75  In.; 
rounds  (new  lot)  (Holston  no.  3-8)  with  Comp.  B 
penetrated  from  13  5/8  to  16  in.;  with  45“  liners 
fired  at  7.  5-ln.  standoff  with  0  r.  p.  s.  rotation, 
rounds  (new  lot)  with  Comp.  B  (Holston  no.  3-6), 
no  fuze,  standard  ring,  with  Firestone  and  Frank¬ 
ford  liners,  base-initiated,  penetrated  from 
19.  75  to  21.75  is. 


Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  3.  Oct.  1950,  42p.  incL 
iilus.  tables,  dlagrs.  Confidential 

Penetration  test  results  with  45°  and  00°  conical 
liners  are  shown.  There  was  considerable  varia¬ 
tion  in  the  depth  of  penetration  for  a  given  liner 
angle. because  of  the  type  of  detonation  used.  It  la 
pointed  out  that  cutting  away  the  ring  is  not  bene¬ 
ficial  to  penetrations.  Best  results  were  obtained 
with  no  tee.  Tabular  data  show  the  effect  of  stand¬ 
off  on  penetratic  Graphical  results  show  that 
the  penetration  due  to  the  45°  liner  is  reduced 
much  more  rapidly  than  the  penetration  of  the  60“ 
liner  as  the  rotational  speed  is  increased.  A  sur¬ 
vey  of  the  literature  on  shaped  charges  Is  appended. 


SECRET 


174 


q 

SHAPED  CHARGEB  SECRET?  ] 


L1003 

Firestone  Tire  and  Hubber  Co.  (DA33-019-ORB-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Supplement  to  progress  rept.  no.  3.  Oct.  195G, 

9p.  incL  Ulus,  tables,  dlagrs.  Secret 

Data  relating  the  depth,  angle.ol  cant,  and  the 
center  included  angle  defined  by  2  radii  and  the 
canted  and  offset  surfaces  are  given.  A  theoreti¬ 
cal  discussion  is  given  on  the  effect  of  spin.  It  is 
pointed  e«*  that  properly  designed  flutes  on  the 
outer  liner  surface  will  partially  compensate  far 
rotation.  The  data  chow  that  liners  split  into 
either  2  or  4  segments  and  then  revolved  about 
their  apices  and  reassembled  so  as  to  give  onset 
on  the  liner  showed  better  penetration  at  abod 
150  r.p.s.  than  at  0  r.p.s.  These  liners  also 
showed  about  25%  greater  penetration  at  150  r.p.s. 
than  a  smooth  liner  at  the  same  spin  rate.  Firing 
results  showed  that  the  offset  liners  were  35% 
better  than  the  smooth  liners  at  155  i.p.e.  ■while 
the  offset  trumpet  liners  showed  only  15%  improve¬ 
ment  under  the  same  conditions. 

HOM 

Firestone  Tire  and  Rubber  Co.  (OA33-019-ORD-33}. 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  4.  Nov.  1950,  3Ip.  iucL 
tables,  dlagrs.  Confidential 

Various  static  and  dynamic  aerodynamic  coef¬ 
ficients  (drag,  moment,  and  r/rmal  force)  were 
determined  for  the  T138  projectile.  A  theoretical 
discussion  is  given  on  the  T171  projectile.  A 
model  of  the  T171  projectile  body  and  tail,  equipped 
with  2  intcrehangeable  nose  sections  (1  oi  AI  aza 
the  other  of  bronze),  was  constructed.  Physical 
measurements  are  tabulated  for  the  T171  60°  linur 
inert-loaded  projectile.  Tabular  results  for  the 
various  penetration  firings  In  connection  with  the 
BAT  project  are  given.  Rounds,  using  35°,  40*, 
45"  Firestone  liners  with  Comp.  B,  lot  3-6, 
explosive  charge,  base  initialed,  no  fuze,  standard 
ring,  were  fired  at  a  standoff  of  7. 5  in.  and 
0  r.  p.  s.  to  give  average  penetrations  of  20. 6, 

20.0,  and  16. 6  in. ,  respectively.  A  second  group, 
equipped  with  50",  55°,  and  GO"  Firestone  liners, 
was  fired  against  high  quality  armor  plate 
superior  to  the  regular  target  material  employed 
with  the  other  rounds.  Penetrations  ot  19. 2,  IT.  1, 
and  14. 1  in. ,  respectively,  were  obtained.  For 
rounds  with  a  60°  sintered  liner,  the  average  pene¬ 
tration  was  12. 7  in.  Rounds  with  Comp.  B,  lot  3-6, 
URL  45°  Al  liners,  base  initiated,  no  fuze,  and 
standard  ring  at  0  r.  p.  s.  and  7.  5-in.  standoff 
gave  an  average  penetration  of  B.  1  In. 

L1C05 

Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Supplement  to  progress  rept.  no.  4.  Nov.  1950, 

5p.  incL  illus.  tables,  dlagr.  Secret 

Twenty- five  charges  with  45'J  smooth  Cu  (type  I) 
or  45°,  16  flute,  Cu  (type  2)  liners  were  fired 


against  22,  1-ln.  mild  steel  plates.  With  typo 
(1)  charges,  ,0  r.  p.  s. ,  the  average  penetration 
was  1C.  3  in.;  with  the  same  type  charges  spinning 
at  22  and  45  r.  p.  e. ,  the  average  penetrations 
were  15.2  and  10.  0  In. ,  respectively.  One  charge 
of  type  (1)  and  2  charges  o!  type  (2)  were  fired  for 
slug  recovery.  To  accomplish  the  recovery  the 
charges  at  0  r.  p.  s.  were  fired  into  rock  wool  or 
similar  material  which  stopped  the  slugs  with 
minimum  distortion.  The  charges  were  fired  at 
a  standoff  of  2.  5  ft.  Slugs  from  the  type  (2)  charges- 
were  recovered,  but  the  slug  from  the  type 
(1)  charges  penetrated  20  It.  of  rock  wool,  a 
0.75-ir..  thick  ctrcl  plate,  and  became  embedded 
in  a  C.  5-ln.  thick  steel  plale.  It  was  noted  that  the 
slugs  from  the  fluted  liners  showed  quite  clearly 
the  ridges  which  were  the  flutes  in  the  original 
liners.  These  were  substantially  straight  and 
parallel  with  the  axl3  of  the  slug.  The  slugs  from 
the  2  fluted  liners  were  much  smaller  than  the 
slug  from  the  smooth  liner.  This  was  taken  as  an 
indication  that  only  a  portion  of  the  fluted  liner 
cellapsc-d  in  a  normal  manner.  It  was  also  pointed 
out  that  unusual  stress  concentrations  resulting 
from  the  sharp  flute  contour  cr  unequal  wall 
thicknesses  might  cause  premature  fracture  with 
resultant  disintegration  of  the  last  half  of  the 
liner.  On  the  basis  of  these  possibilities,  linern 
of  different  flute  designs  are  being  manufactured 
for  test. 
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Firestone  Tire  and  Rubber  Co.  (DA33-C19-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rcpL  no.  5.  Dec.  1950,  46p.  IncL 
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Graphical  results,  which  show  velocity  platted 
against  range,  indicate  that  Ihe  velocity  of  the 
TI33  projectile  approaches  or  passes  the  velocity 
of  sound  at  ranges  of  3000  ft.  unless  the  Initial 
velocity  is  higher  than  specified.  Graphical  re¬ 
sults  for  spin  rate  range  show  that  the  spin  rate 
in  radians/callber  increases  with  range.  Mathe¬ 
matical  expressions  are  given  for  the  static 
or  gyroscopic  stability  factor  and  for  the  dynamic 
stability  factor.  Graphical  results  cf  these  2 
stability  factors  for  T138  E32  and  E33  projoctilen 
showed  that  these  projectiles,  at  any  muzzle  energy 
condition  considered,  passed  through  regions  in 
which  dynamic  Instability  wa3  apparent.  A  list 
is  given  which  shows  possible  variations  in  the 
exterior  shape  oi  the  T171  projectile.  Twelve 
rounds  oi  the  100-mm.  folding-fin  projectile, 

T119,  were  fired  from  a  smooth-tube,  recoilless 
gun.  Photographic  data  showed  that  the  Iln-openlng 
mechanism  opened  rapidly;  the  fins  were  fully  open 
within  3  ft.  of  the  muzzle.  Though  the  fin-opening 
was  symmetrical  for  any  given  round,  there  was 
no  uniformity  in  the  extent  of  opening  from  round 
to  round.  The  fins,  which  were  the  most  fragile 
components,  withstood  the  gun  blast  and  opening 
stresses  with  rr>  apparent  damage,  A  comparison 
test  was  made  of  cylindrical  test  bodies  with 
T138  bodies  lo  study  the  effect  of  small  changes 
in  body  shape  and  thickness.  The  variations  in 
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penetration  were  cl  the  order  of  except  for  1 

ctoup  This  variation  was  acceptable.  Standoff 

showed  that  lor  a  given  split  rate  and  .lner 

ancle,  penetration  increased  with  increased 

standoff  A  comparison  of  target  materials  (regu- 
Sr^or  plate.  Brinell  220-230  and  high  q*lily 
plate,  B Knell  310-320)  at  0  spin  and  at 
45  r.p.  s.  showed  ttet  penetration  decreased  14% 
for  0  spin  and  12%  for  45  r.p.  s.  Data  snow  a 

l,ide  spread  ir.  the  average  penetrations  obUined 
as  successive  g:  -  ?s  were  fired.  The  listof 
nossible  causes  fur  the  variation  ncludeu  effect 

of  te^^rature,  variations  in  quality  of  plate 

uScd ^variations  in  loading  technique,  and  variation 
in  liners  The  test  program  on  barium  titanate 
crystals  as  generating  elements  for  electric  fuzing 
of  the  HEAT  round  Is  continuing. 


Firestone  Tire  and  Hubber  Co.  (DA33-819-ORD-33). 
105-MM.  BATTALION  ANTITANK  PBOJECl. 
Supplement  to  progress  rept.  no.  5.  Dec.  1  , 

5p.  incl.  tabic,  diagrs* 

The  following  methods  are  being  considered  for 
achieving  spin  compensation:  anti-. o~  i 
motor;  projectile  with  internal  anti- rotation  rifling; 
double-body  projectile  with  rotating  outer  ohe 
and  non-rotating  charge  and  liner;  ^  hdlccl- 
char^e  separators  for  rotating  detonat.on  wave. 
Diagrams  are  shown  for  test  rounds  incorporating 
the  above  features. 


Firestone  Tire  and  Rubber  Co.  (DA33-(H9-OnD-l  ). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  6.  Jan.  1951,  29p.  incL 
Stables:  diagrs.  Confidential 

Modified  T138  projectiles,  the  E32A,  E32B,  E42B, 
E42C,  and  E42E,  were  fired  on  the  1000-yd.  range 
)n  ac curacy  tests.  Better  accuracy  was  obmined 
Jo"  the  E32B  projectiles  having  the  smaller 
Vwurrelet  diameter  than  for  the  E32A  projectiles 
The  data  show  that  the  use  of  bourreiet  improve^ 
the  accuracy.  Also,  moving  the  c.  g.  ^om  1. 108 
diameters  from  the  base  (F20)  to  °-88  d^“ct®£S 
tom  the  base  improved  the  accuracy, tut  t..l3 
still  not  adequate  to  meet  specification  require¬ 
ments.  The  E42  projectiles,  hred  at  a ‘ 
velocity  of  2090  ft./sec.  from  a  1-1-C  tube 
to  v,ve  a  spin-rate  of  53  r.p,  s. ,  were  all  accurato 
widiin  the  specification  requirements.  The  group 
E-iXC,  having  the  largest  bourrc-lci  diameters  of 
-  the  projectiles  tested,  displayed  the  best  accuracy 
Considering  the  E42B,  E42C,  and 
as  1  ittl'iiu,  the  probable  error  for  the  IS  projec¬ 
tiles  which  hit  the  target  was  HPE  0.  S3  mils  ana 
VPE  0.45  mils.  Although  these  projectiles  were 
fired  at  the  same  muzzle  energy  as  a  17. 
projectile  (muzzle  velocity  of  1700  ft./sec.),  the 
higher  spin-rate  of  53  r.p.s.  contributed  to  the 
projectiles' stability.  The  E41  group  which  was 
identical  with  the  E42  group  except  tha  no  routing 
bands  were  used,  flew  very  inaccurately  rom  the 
smooth  bore  tube.  The  use  of  the  sleeve  ir.  the 


rear  of  the  E44  projectile  did  not  improve  condi¬ 
tions  nor  did  the  use  of  fins  (E45  group).  Tli9 
projectiles  which  had  been  fired  previously,  were 
examined  to  determine  the  cause  for  Uie  variability 
in  the  degree  of  fin  opening.  It  was  found  th^l 
nmchanieal  interference  existed  between  tf.e  fine 
and  the  piston  in  some  of  the  assemblies,  thi  _ 
interference  contributed  to  the  vanabLily  of  the 
degree  ol  fin  opening.  Results  from  a  se'ies  of 
boosters  tested  at  temperatures  ranging  from 
yp°  to  0°  F  and  from  detonators  tested  dtu  i 
showed  that  temperature  liad  little  effect  UP03 
them.  The  preliminary  design  of  a  base  dented 
in  the  fuzing  chain  is  also  discussed. 


Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT- 
Frogressrept.  no.  7.  Feb.  1951.  23^^ 
tables,  diagrs. 

Accuracy  firings  were  conducted  using  the  modified 
T138  projectiles,  T138E46  to  T138E49.  None  of 
these  rounds  hit  thetarget  when  fired  from^month 

bore  cun  at  the  same  muzzle  energies.  The  pro¬ 
jectiles  were  statically  stable,  but  dynamically 
unstable.  It  was  concluded  that  these  T13&-  ype 
projectiles  cannot  he  fired  accurately  from  a 
smooth  bare  gun.  In  further  tests  1'138E60  pro¬ 
jectiles  were  fired,  giving  a  horizontal  probable 
error  of  0. 84±  0.  27  mils  and  a  vertical  prooable 
error  of  0.  69±  0. 22  mils.  The  T138E61  pro¬ 
jectiles  also  hit  the  target;  however,  their  flight 
characteristics  were  not  as  promising  as 
£60-8.  Tests  indicated  that  temperature  variations 
in  Comp.  B  and  in  armor  plate  were  not  a  major 
cause  of  the  variation  in  penetration.  In  addition, 
the  design  for  the  base  clement  of  a  HEAT  round 
was  completed. 


Firestone  Tire  and  Rubber  Co.  <DA33-m9-GRD-33). 
1G5-MM.  BATTALION  ANTITANK  PROJECT. 
Prog"*ss  rept.  no.  8.  Mar.  1951,  47p.  incL 
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Four  rounds  of  the  T133E5SA  type  (waighl  17.621b. , 
c  g  4,  90  in.  from  the  base,  square  cut  front  face) 
were  fired  from  a  105-mm.  howitzer  equipped  with 
a  1-120  rifled  lube  which  gave  a  projectile  spin  ol 
41  r.  p.s.  at  a  muzzle  velocity  of  1700  ft./ sec. 
of  the  projectiles  hit  the  target  at  a  range  of 900yd. 
Calculations  gave  a  vertical  probable  e.ror  (VPE) 
of  0. 435  mils  and  a  horizontal  probable  error  (HPE) 
of  0. 425  mils  for  the  4  rounds  Urea.  Lnder  be 
wind  conditions  the  VPE  was  0.324  mils  and  the 
rPE  was  0.352  mils  for  the  V  rounds  fired.  From 
the  data  given  concerning  the  effect  of  temperature 
on  penetration,  the  effect  of  plate  material,  and 
liner  uniformity,  it  was  concluded  that  these 
causes  were  insignificant.  A  metallograp 
examination  was  made  of  a  target  consisting  of 
1  3-in.  thick  steel  plates  cut  into  7-m. 
which  had  been  penetrated  by  a  jet  tamaaAS 
conical  Cu  cavity  liner  mounted  in  a  T138E20  type 
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body.  Analysis  of  the  steel  within  l/16th  of  an  in. 
of  the  cavity,  at  several  points  along  the  cavity, 
failed  to  disclose  any  increase  lathe  Cu  or  Al 
content,  indicating  lhat  there  was  no  significant 
diffusion  of  the  jet  material  Into  the  steel.  Analysts 
of  the  deposit  lelt  on  the  inside  of  the  cavity  showed 
10  to  20%  Fe.  The  data  showed  that  the  Cu  jet  in 
passing  through -the  Al  tee  picked  up  about  2  to  5% 

Al  and  about  10  to  20%  of  Fe  from  the  target. 

Pieces  of  the  Al  tee  were  hurled  forward  by  the 
force  of  the  explosion  and  entered  the  cavity, 
splattered  against  the  sides,  and  alloyed  with  the 
residual  jet  material.  The  slug  then  entered  the 
cavity,  lodging  at  a  point  where  the  cavity  diameter 
became  less  tlian  that  of  the  slug. 
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A  series  of  16-  and  36-flute  liners  were  fired  at 
Sruceton  into  used  target  plate  of  mild  steel 
(Brinell  Hardness  no.  140)  and  at  Aberdeen  Into 
used  target  plate  of  an  alloy  steel  similar  to  armor 
piate  (Brinell  Hardness  no.  220-230).  Results 
showed  that  the  16-flute  liners  (0.001-in.  thick 
wait)  performed  unsatisfactorily.  The  best  per¬ 
formance  of  these  liners  was  obtained  at  9  spin, 
the  average  penetration  being  1B.3  in.  at  7.  5-in. 
standoif.  There  was  only  slight  evidence  to  Indi¬ 
cate  any  tendency  to  compensate.  The  data  ob¬ 
tained  from  Aberdeen  indicated  a  slight  asymmetry 
in  the  direction  of  positive  spin  rates  (9. 3  in.  vs. 
7.2  in.  at  +30  and  -30  r.  p,  s. ,  respectively). 

The  slug  from  the  liner  was  found  to  be  only  1/3  as 
large  as  was  expected,  indicating  that  these  fluted 
liners  were  breaking  up  before  collapsing  com¬ 
pletely.  The  36-flute  liners  showed  a  tendency 
to  compensate  at  about  10  r.  p.  s.  and  performed 
better  at  +30  r. p.  s.  than  any  smooth  liner  that 
had  been  fired.  These  liners  also  demonstrated  a 
maximum  penetration  as  good  as  that  normally 
expected  of  45°  smooth  liners. 
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Ten  T11S  projectiles  were  fired  at  a  target  placed 
900  yd.  away.  On  the  basis  of  the  9  projectiles 
which  hit  the  target,  the  HPE  was  calculated  to  be 
0.  56  mils  and  the  VPE  was  D.  92  mils.  Tests  were 
continued  to  determine  the  variation  in  penetration 
with  loading  technique  as  the  variable.  The  data 
indicated  that  this  was  not  the  cause. 
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Tests  were  carried  out  wttli  45°  conical  Cu  lineru 
(P16  series)  for  the  T120  projectiles  having  16 
machined  flutes  with  a  nominal  flute  depth  of 
0.  070  tn.  at  the  base  datum  plane,  and  a  wall 
thickness  of  0. 150  in.  The  flule  profile  was  flat. 

The  liners,  fired  at  7.  5- in.  standoff  against  a 
mild  steel  target,  produced  average  penetration-' 
of  3.  96,  6.69,  8.87,  9.60,  9.42,  8.48,  and  5. 19 in. 
with  spin  rates  of  0,  +30,  +45,  +52.5,  +60,  +70 
and +90  r:  p.  s. ,  respectively.  These  penetration 
data,  were  compared  with  the  best  data  obtained 
at  Aberdeen  with  the  T139E20  (plug,  body  and 
nose  ring,  no  tee);  it  was  pointed  out  that  these 
P16  liners  performed  best  at  about  55  r.  p.  s. , 
however,  the  best  penetration  was  only  65%  of 
that  of  a  smooth,  sen- rotated  liner  having  a 
0. 150-in.  wall  and  only  47%  of  that  of  the  best 
non-rotated  liner  with  a  0. 100-in.  walL  Over  the 
range  50  to  60  r.  p.  s. ,  the  actual  penetration 
(9.  5  in.)  was  approximately  1  to  2  in.  greater  than 
that  of  the  best  0. 100-ln.  wall  smooth  liner  over 
the  same  range  of  spins.  It  was  pointed  out  that 
the  relatively  low  efficiency  of  these  liners  at 
their  optimum  spin  rate  was  the  result  of  incom¬ 
plete  collapse.  The  slugs  recovered  from  the 
penetrated  targets  were  only  about  2  In.  long,  com¬ 
pared  with  a  normal  expected  slug  length  of  5  to 
6  in.  Forty-five  degree  conical  Cu  liners  having 
10  machined  flutes  with  a  ’-•ominal  flute  depth  of 
0. 026  in.  at  the  base  datum  plane,  and  a  wall 
thickness  of  0. 100  in.  were  tested.  The  flute 
profile  was  circular  and  at  each  transverse  sec¬ 
tion  had  a  radius  of  the  unfluted  liner  at  the  same 
section.  At  a  standoff  of  7.  5  tn.  against  a  mild 
steel  target,  average  penetrations  of  [7.  627] 

5.40,  6.29,  7.04,  8.36,  7.36,  7.  47,' and  4. 44  in. 
were  obtained  for  spin  rates  of  0,  -30,  0,  +15, 

+30,  +45,  +60  and +90  r.  p.  s.  respectively.  Re¬ 
producibility  of  the  data  was  good,  but  the  per¬ 
formance  of  the  liners  vias  poor.  It  was  pointed 
out  that  optimum  performance  Is  in  the  vicinity 
of  30  r.  p.  s.  but  even  at  this  spin  rate,  the  pene¬ 
tration  Is  4  to  5  in.  less  than  that  of  a  smooth  45° 
liner  spun  at  the  same  rate.  The  slug  was  quite 
short  (about  2  in.  long)  which  suggested  again 
that  the  liner  ruptured  before  the  normal  collapse 
had  been  completed. 
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In  accuracy  firings  T188E57A  projectiles  with  the 
c.  g.  located  5.  25  in.  from  the  base  and  fired 
from  a  howitzer  with  a  1-120  lube  gave  the  best 
results.  Satisfactory  results  were  also  obtained 
when  this  projectile  was  fired  from  a  howitzer 
with  a  1-1GG  tube.  In  order  to  facilitate  the’ pene¬ 
tration  of  the  shaped  charge,  the  diameter  in  the 
hole  in  the  tee  was  enlarged,  and  si  conical  section 
in  the  base  of  the  tee  was  removed.  A  group  of 
T138E57A  projectiles  were  loaded  with  Comp.  B  ■ 
and  fired  for  penetration  studies  with  a  dummy 
nose  element,  tee  and  dummy  base  element  In 
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place.  When  fired  with  ;he  original  tee  having 
only  0.  5-in.  hole,  the  penetration  obtained  was 
only  6  in.  With  a  tee  having  a  conical  cut-out  and 
0.  75-in.  hole  in  the  base,  the  penetration  was 
15  in.  while  a  tee  haring  a  cut-out  and  a  1-in. 
hole  In  the  base  gave  a  penetration  of  18. 0  in. 

It  was  concluded  that  a  tee  could  be  designed 
which  would  meet  the  requirements  for  aero¬ 
dynamic  performance  and  penetration.  Twelve 
T119  test  projectiles  were  fired  for  accuracy  on 
a  IOCO-yd.  range  from  a  modified  TIE)  recoilless 
rifle  (with  85-ln.  tube,  rifled  1  turn  in  120 
calibers)’  The-  i  ifled  tube  was  used  in  an  attempt 
to  impart  a  small  stabilizing  rotation  to  the  un¬ 
banded  projectiles.  One  round  missed  the  target; 
the  probable  errors  fur  the  remaining  6  rounds 
were  1. 28  mils  VPE  and  1.  08  mils  HPE.  Pre¬ 
liminary  attempts  to  measure  the  spin  of  rounds 
indicated  that  rotation  was  approximately  6  r.  p.  s. 
at  a  distance  of  60  ft.  from  the  muzzle.  Tests 
were  continued  to  determine  the  variation  In  pene¬ 
tration.  Rounds  fired  with  no  fuze,  standard  ring 
retainer,  45°  Cu  liner,  Comp.  3,  Holstcn  Lot 
3-6,  base-initiated,  non-rotated,  at  7.  5-in. 
standoff  gave  an  average  penetration  of  19.4, 

18. 8,  19.  6,  and  19. 1  tor  the  4  groups.  Hounds 
W'th  Comp.  B  Lot  3-21,  Al-bronze  45°  liner, 
cylindrical  body,  no  fuze,  base  initiated,  non- 
rotated,  fired  at  7.  5-in.  standoff  gave  an  average 
penetration  of  7.  5  in.  An  average  penetration  of 
19.  5  in.  was  obtained  with  a  round  containing  no 
fuze,  standard  ring  retainer,  45°  Cu  liner, 

Comp.  B,  Lot  3-21.  cylindrical  body,  non-rotated, 
base  initiated,  fired  at  7. 5- in.  standoff.  It  waB 
pointed  out  that  results  from  rounds  with  A1  bronze 
alloy  liners  indicated  that  considerable  develop¬ 
ment  and  experimentation  would  be  required 
before  alloy  liners  would  be  as  satisfactory  as 
Cu  liners.  Results  from  rounds  fired  to  .study 
target  material  (Aberdeen  target  plate  and  boiler 
plate)  led  to  the  conclusion  that  there  was  no 
significant  difference  In  penetration  resistance  of 
the  2  types  of  plate.  It  is  pointed  out  that  this 
conclusion  does  not  imply  that  hardened  armor 
plate  or  other  target  materials  will  not  differ  from 
the  boiler  plate  in  resistance  to  penetration. 
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Three  series  of  serrated  liners  and  a  control 
series  of  smooth  liners  were  tested.  DRD33-3 
liners  have  a  circular  flute  profile  so  that  at  each 
transverse  section,  the  radius  of  curvature  Is  ap¬ 
proximately  equal  to  the  original  outside  radius  of 
the  untluted  liner  at  the  same  section.  DRD35-3 
liners  have  a  flat  flute  profile  corresponding  to  the 
chords  of  the  arcs  of  the  DHD33-3  liners  and  they 
are  identical  in  all  other  respects  to  the  DRD38-3. 
Both  series  have  36  flutes  with  a  nominal  depth 
of  0.  020  in.  at  the  base  datum  plane  and  a  wall 
thickness  of  0. 150  in.  DHD17-6  liners  have  16 
flat  flutes  with  a  nominal  depth  of  0. 028  in.  at  the 
base  datum  plane  and  a  wall  thickness  of  0. 150  in. 


The  axes  of  symmetry  for  the  2  series  were 
15  r.  p.  s.  for  the  DRD33-3  liners  and  10  r.  p.  s. 
for  the  DRD35-3  liners.  In  each'case,  the  maxi¬ 
mum  expected  penetration  into  mild  steel  was  15  to 
15. 5  in.  The  slug  length  for  these  liners  was 
normal.  The  DRD17-6  liners  performed  satis¬ 
factorily.  The  axis  of  symmetry  was  at  15  r.  p.  s. 
and  the  maximum  penetration  in  niHd  steel  was 
16. 1  in.  As  with  the  DRD33-3  and  DRD35-3 
series,  the  DRD17-6  liners  were  superior  to  a 
smooth  liner  with  a  0. 100-in.  wall  at  spin  rates 
greater  than  35  r.p.  s.  but  inferior  below  this 
rate.  R  was  noted  that  there  is  a  striking  dif¬ 
ference  between  the  performance  of  a  smooth  liner 
with  a  wall  thickness  of  0. 100  In.  (static  penetra¬ 
tion  of  19  to  20  in.)  and  1  of  0. 150  in.  (static 
penetration  of  14  to  15  in.).  At  45  r.  p.  s. ,  the 
penetrations  are  10.5  and  10.0  in.,  respectively. 
Each  of  the  3  series  of  serrated  liners  had  a 
maximum  pEnetration  greater  than  that  or  the  non- 
rotated  smooth  0. 150-in.  wall  control.  It  is  sug  ¬ 
gested  that  the  machining  of  the  flutes  reduces  the 
effective  wall  thickness  so  as  to  improve  the  over¬ 
all  efficiency.  Therefore  an  optimum  wall  thick¬ 
ness  exists  for  each  type  of  serrated  lir.er  and  it 
may  not  coincide  with  the  optimum  for  a  smooiti 
liner.  It  Is  pointed  out  that  although  all  3  series 
of  serrated  liners  appeared  to  have  a  maximum 
penetration  into  mild  steel  at  15  r.p.  s. ,  the 
JDRD33-3  and  DRD35-3  liners  differ  from  the 
DRD17-6  liners  in  flute  depth,  number  of  flutes 
and  orientation  of  flutes.  Earlier  data  obtained 
by  the  Carnegie  Institute  of  Technology  Indicated 
that  similarly  oriented  16  and  36  flute  liners  com¬ 
pensated  in  opposite  directions.  When  these  series 
of  liners  were  designed,  the  orientation  of  the 
16-flute  liners  was  reversed  relative  to  that  of  the 
36-flute  series.  "Since  all  3  of  these  series  com¬ 
pensate  in  the  same  direction,  the  observations  by 
the  CIT  group  would  seem  to  be  confirmed.” 
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Liners,  without  spit-back  tubes,  with  1.  25-in. 
tubes,  and  with  2. 4-in.  full  length  tubes  were 
tested  to  determine  the  effect  of  tube  length  on 
penetration.  Although  there  was  some  slight  in¬ 
dication  that  the  longer  spitback  tubes  resulted  in 
greater  penetration,  the  difference  was  small 
(0.  5  in.)  and  within  the  experimental  accuracy  of 
the  measurements.  The  following  series  of  rounds 
were  tested:  (1)  the  booster  was  burled  in  the 
Comp.  B,  and  the  booster  cavity  in  the  base  plug 
was  filled  with  a  maple  plug;  (2)  a  solid  steel 
base  was  used,  and  the  tetryl  pellet  was  embedded 
in  the  Comp.  B;  and  (3)  the  standard  control  series 
had  a  steel  base  plug  with  a  centrally  located  hole 
In  which  the  tetryl  booster  was  placed.  All  3 
rounds  demonstrated  about  the  same  penetration 
In  mild  steel,  although  a  number  of  A.l  prqtector 
plugs  were  damaged  when  the  booster  was  buried 
in  the  Comp.  B.  Tests  with  45°  liners  with  and 
without  spitback  tubes  showed  that  the  average 
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penetration  for  the  group  with  the  booster  em¬ 
bedded  in  Ihe  high  explosive  was  lower  by  ap¬ 
proximately  2  in.  than  the  best  values  ordinarily 
obtained  with  the  43'  Cu  liner  having  a  npltback 
tube.  Liners  having  cylindrical  sections  (1.  03-, 

1.  75- and  2.  SO- In.  outer  diameter,  and  wall 
thickness  of  0. 100  in.  for  the  first  2  liners  and 
0.  50  In.  for  the  second)  were  tested.  The  large 
diameter  liners  produced  an  average  penetration 
of  7.  25  In. ,  the  1.75-in.  outer  diameter  liner 
produced  an  average  penetration  of  12  In.,  and 
the  !.  00-in.  cuter  diameter  Hner  produced  an 
average  penetration  of  0.  5  in.  Penetration  firing 
tests  for  hemisphere  and  trumpet-type  liners 
showed  that  the  penetration  values  were  low  in 
comparison  with  45°  Cu  liners.  Removal  of  the 
pilot  ring  on  Ihe  liner  did  nut  affect  penetration 
results.  A  group  of  projectiles  fired  at  a  spin 
rate  of  240  r.  p.  s.  produced  an  average  pene¬ 
tration  of  4. 15  in.  With  the  105-mm.  round,  this 
fast  spin  caused  a  reduction  in  penetration  of 
about  78%.  A  tee  configuration  which  did  not 
interfere  with  jet  nrlion  is  shown.  Tests  to  deter¬ 
mine  the  effect  of  radius  at  the  interior  base  of 
the  liner  showed  that  the  average  penetration  for 
liners  without  radius  was  slightly  belter  than 
ior  those  willi  the  radius.  Data  were  correlated  in 
the  study  of  the  effect  of  rotation  on  penetration. 

It  was  observed  that  the  lined  cavity  charge  having 
the  greatest  non-rotated  penetration  produced  the 
greatest  penetration  at  any  specified  spin  rate. 
Hemispheres  and  wide  angle  liners  suffered  less 
degradation  of  penetration  during  rotation  than 
small  angle  liners,  but  the  latter  still  penetrated 
the  greater  distance  at  any  finite  spin  rate.  With 
liners  larger  than  105  mm.,  the  Increased  pene¬ 
tration  obtained  was  almost  completely  lost  when 
the  liner  was  rotated  faster  than  40  r.p.  s. 
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Rounds  wete  fired  at  various  spin  to  deter¬ 
mine  the  effect  of  tee  configuration  on  penetration. 
Greater  penetrations  were  obtained  at  all  spin 
rates  with  the  DRC224  tee  than  with  the  DHC230 
tee.  Studies  with  hemispherical  liners  showed 
that  the  liners  with  and  without  tubes  gave  better 
penetration  at  11.  5-ln.  standoff  than  at  7.  5-in. 
standoff  (with  the  same  spirt  rate).  The  average 
penetration  with  trumpet  liners  2t  0  rpin  was 
about  1-in.  less  at  the  11.  5-  standoff  than  at 
7.5-in.  standoff.  Rounds  with  conical  Cu  liners 
without  spilback  tubes  fired  at  7.  5-in.  standoff 
gave  an  average  penetration  about  2  in.  less  than 
the  best  results  obtained  with  standard  Cu  conical 
liners  with  spjlback  tubes.  Tests  with  A1  liners 
having  the  same  muss  as  the  Cu  liners  gave 
inferior  results  compared  with  results  obtained 
from  Cu  liners  under  similar  conditions.  Rounds 
with  60°  Cu  liners  fired  at  0  spin  and  at  30  r.  p.s, 
penetrated  12  In.  and  13-15/32  in.  respectively. 


Rounds  with  45°  Cu  liners  fired  at  standoffs 
varying  from  1.  5  to  40-3/ 16  in.  and  at  238-^40 
r.  p.  s.  gave  penetrations  from  2. 75  to  0. 75  in. 
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Data  were,  compared  lar  T138E20  raimds  fired  into 
regular  target  plate  and  into  homogeneous  armor 
plate  at  0  and  45  r.  p.  s.  At  each  spin  rate,  pene¬ 
tration  into  the  homogeneous  armor  was  10  to 
15%  less  than  into  the  regular  mild  steel.  Com¬ 
parative  tests  with  the  T138  projectile  fired  at 

.  25  r.  p.  s.  and  at  7. 5-in.  standoff  showed  an 
average  penetration  of  14.9  in.  In  mild  steel,  and 
14.1  in.  in  homogeneous  armor.  It  was  cstablisued 
that  the  DRC224-1  tee  does  not  reduce  penetration 
into  mild  steel  at  spin  rates  up  to  45  r.  p.  s.  The 
DHC263  tee  has  the  same  internal  configuration 
as  the  DHC224  tee  and  is  also  presumed  to  be 
satisfactory.  Comparative  tests  with  steel  and 
Cu  liners  showed  that  45°  steel  liners  behave 
very  much  'ike  45°  Cu  liners. .  The  actual  pene¬ 
tration  of  these  steel  liners  is  only  about  70%  that 
of  a  similar  Cu  liner.  The  performances  of  the 
DRR26B  Cu  liner  45°  was  determined  ill  0  and 
25  r. p.s.  ard  7.  5-in.  standoff.  Non-rotated 
penetration  into  mild  sleel  was  19.  0  in. ,  which  was 
1  to  2  in.  belter  than  was  normally  obtained  with 
the  DRB2-5  liners.  The  behavior  Df  simple  sharp 
apex  liners  was  compared  with  the  DRB2-5  liner 
having  a  full  spitback  tube.  The  optimum  standoff 
for  the  tubeless  liner  appeared  to  be  at  about 
15  in. ,  that  of  the  spit-back  tube  liner  at  about 
18  in.  It  appeared  that  a  liner  with  spit-back  tube 
should  be  used  regardless  ol  the  type  of  fuzing 
employed. 
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The  summary  of  tests  with  serrated  liners  pointed 
out  that  spin  rates  at  which  a  given  series  of 
serrated  liners  showed  maximum  penetration  in¬ 
creased  with  increased  number  and  depth  of 
flutes,  but  decreased  as  the  residual  wall  thick¬ 
ness  was  Increased.  In  order  for  any  significant 
shift  of  the  spin  rate  to  occur  there  must  be  a 
variation  In  wall  thickness  across  the  flute.  With 
36  flutes,  it  made  little-  difference  whether  the 
flute  contour  was  curved  or  flat.  With  a  Larger 
number  oi  flutes  the  difference  should  become 
less,  but  with  a  smaller  number  of  flutes,  It  may 
become  important.  The  16-flute  liners  have  a 
reverse  orientation  from  the  36-  and  60-flute 
liners,  but  the  shill  of  optimum  spin  rate  is  always 
in  a  positive  d'rectlon.  It  is  pointed  out  tint  there 
must  be  some  flute  number  between  16  and  36 
where  orientation  would  make  r,o  difference,  i.e. , 
where  there  is  no  shift  of  the  optimum  spin  rate. 


179 


SECRET 


SECRET 


SHAPED  CHARGES 


A  preliminary  design  is  shown  for  a  double-body 
round  of  the  T138  type  projectile  is  a  means  ci 
achieving  higher  (fian  normal  penetrations  with 
rotating  rounds. 
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Liners  having  various  wall  thicknesses  {0. 050, 

0. 100,  0. 200  In.)  were  tested  at  standoffs  ol  4. 5, 

7. 5,  9.  5  In.  The  data  show  that  the  optimum 
wall  thickness  Is  very  close  to  0.1CO  in.  For 
this  wall  thickness,  the  penetration  Increased 
with  standoff.  .Tests  were  made  on  standard 
conical  liners  with  Internal  spitbaci  tubes.  The 
penetration  achieved  by  the  internal  tube  liner 
was  very  poor.  The  loss  of  penetration  caused  by 
rotation  at  45  r.  p.  s.  was  greater  than  expected 
for  a  round  whose  initial  penetratica  was  5.96  In. 
Further  tests  to  determine  the  degradation  In 
penetration  showed  that  annealing  reduced  hardness 
and  Increased  elongation,  but  had  little  effect 
upon  penetration.  It  is  pointed  oui  that  the  various 
factors  studied  did  not  individually  have  a  signifi¬ 
cant  effect  upon  penetration.  It  is  thought  that 
either  an  accumulation  of  small  effects  caused 
the  degradation,  or  some  effect  r  ji  yet  isolated. 
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Two  types  of  charge  separators  were  tested  for 
penetration  at  7.  5- in.  standoff  and  at  various  spin 
rates.  One  separator  has  n  spiral  which  advances 
0.  25  of  a  rcvolution/caiiber  length  {DRC24)  and 
the  other  1/3  of  a  revolution/caliber  (DRC25).  U 
the  spiral  separators  perform  their  intended 
function,  the  detonating  front  or.  1  surface  of  a 
separator  will  lag  behind  the  front  cc  the  other 
surface.  Under  these  conditions  a  shock  wave 
might  arrive  at  the  opposite  surface  prior  to  the 
arrival  of  the  lagging  detonation  ware  front 
causing  premature  ignition  of  the  Comp.  B  anJ 
nullifying  at  least  a  portion  of  the  separator.  To 
guard  against,  the  possibility  of  such  an  occurrence 
all  of  the  DRCZ4  separators  and  10  of  the  DRC25 
separators  were  covered  with  a  1/16- In.  thickness 
of  soft  cardboard.  The  uncovered  DRC24  separators 
showed  low  penetration  without  any  indication  of 
compensation.  When  covered  with  cardboard,  the 
maximum  penetration  obtained  was  at  about 
45  r.  p.  s.  The  covered  DRC25  separators  did 
not  show  any  real  compensation,  bet  the  penetra¬ 
tion  curve  appeared  to  be  asymmetric  in  the 
direction  of  positive  spin.  In  all  cases,  the  maxi¬ 
mum  average  penetration  was  below  the  non- 
rotated  penetration  of  the  smooth  control  liners. 

Only  the  covered  DRC24  separators  showed  a 
superiority,  to  smooth  liners,  and  then  only  over 
the  range  30  to  80  r.  p.  s. 
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The  T138  HEAT  projectiles  fired  against  homo¬ 
geneous  armor  gave  an  average  penetration  of 
13,6  in.  at  0°  obliquity.  Rounds  fired  at  60° 
obliquity  functioned  normally  and  gave  ar,  average 
penetration  of  13  In.  Comparative  tests  were  made 
with  Cu  and  steel  liners.  The  tests  were  made  at 
a  spin  rate  of  180  r.  p.  s.  and  at  various  standoff 
distances.  Penetration  figures  were  lower  for 
these  spin  stabilized  projectiles  tlian  for  slow  spin 
or  static  projectiles. 
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T138  HEAT  projectiles  were  fired  against  homo¬ 
geneous  armor  at  60°  obliquity  at  1000  yd.  Of 
the  10  rounds  which  penetrated  the  target,  8  went 
through  12  in.  of  armor,  1  bulged  the  plate  at 
12  in. ,  and  1  penetrated  less  than  12  in.  To 
determine  the  effectiveness  of  skirting  armor  as 
protection  against  shaped  charges,  T138  pro¬ 
jectiles  with  standard  Cu  liners  were  fired  at  a 
7.  5-In.  standoff.  Spacing  of  the  skirting  armor, 
measured  from  the  bottom  surface  of  the  skirting 
plate  to  the  top  surface  of  the  target  plates,  varied 
from  0  to  24  in.  Rotational  velocities  of  0,  10, 
and  25  r.  p.  s.  were  used.  Penetrations  wore 
measured  at  normal  impact  and  at  45“  obliquity. 
The  target  material  was  3-in.  thick  1020  hot- 
roiled  plate  cut  into  fl-in.  squares.  The  data 
indicated  that  spaced  armor  did  not  materially 
degrade  the  penetration  produced  by  shaped 
charges,  and  Hat  under  certain  conditions  the 
penetrating  power  ol  the  round  was  improved  by 
the  presence  ol  the  skiriing  plate.  Total  pene¬ 
tration  was  not  materially  reduced  by  Inclining 
the  skirting  plate  and  armor  at  45°.  In  the  single 
instance  tested,  a  3-in.  skirting  plate  seemed  to 
be  slightly  more  effective  in  reducing  penetration 
than  the  lighter  0.75-in.  plate,  but  the  supporting 
structure  required  for  Ihe  3 -in.  thick  skirting 
plate  would  be  too  heavy.  From  the  standpoint  of 
assembly,  it  was  desirable  to  run  a  wire  which 
would  connect  the  nose  clement  to  me  base  element 
in  HEAT  rounds.  The  data  indicated  that  with  the 
rounds  tasted,  the  wire  was  not  detrimental. 
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Methods  were  found  for  correlating  the  optimum 
spin  rate  and  the  maximum  average  penetration 
ol  the  serrated  liners  tested.  As  a  result,  several 
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tentative  conclusions  tvere  suggested.  Data  Irom 
tests  will)  various  series  of  serrated  liners  are 
discussed.  Further  work  on  double  body  pro¬ 
jectiles  is  reported. 

L102S 

Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 

105-MM.  BATTALION  ANTITANK  PROJECT: 

Progress  rept.  no.  1.7,  nee,  1951,  21p.  fncl. 
tables,  dlagrs.  Confidential 

Bounds  with  hemispherical  liners  with  and  without 
spitback  tubes,  and  rounds  with  trumpet  liners 
were  sent  to  Ballistic  Research  Laboratories  lor 
testing.  Accuracy  results  obtained  with  T13Q 
projectiles  are  discussed. 
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Two  series  of  105-mm.  42°  drawn  Cu  liners 
were  tested  in  a  preliminary  evaluation  of  drawn 
liners.  The  only  significant  difference  between  the 
2  types  of  liners  was  in  the  flange  detail,  and  the 
lower  penetration  of  1  of  the  liners  was  attributed 
to  this  difference.  A  study  made  to  determine  the 
effect  cf  body  wall  thickness  upon  penetration 
showed  that  variations  in  interior  body  contour  had 
no  significant  effect  upon  ti:e  penetration. 
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Two  series  of  serrated  liners  and  1  control  series 
of  smooth  liners  we/e  tested  for  penetration  into 
mild  steel  at  various  spin  rates  and  at  a  standoff 
of  7.  5  in.  The  DRD161-1  liners  had  36  Rat  flutes 
machined  on  the  c.'ierior  surface.  The  average 
penetration  at  the  peak  In  the  penetration  curve 
was  16.9  in.  of  mild  steel  and  occurred  at 
35  r.  p.  s.  This  penetration  represents  91%  of  the 
non- rotated  penetration  of  the  unfluted  0. 109-ln. 
wall  control  liners.  At  all  spin  rates  above 
20  r.  p.  s. ,  the  Rioted  liners  penetrated  a  greater 
depth  of  mild  steel  than  did  the  controls.  At  the 
optimum  spin  rate  for  the  fluted  lluovs  (35  r.p.  s. ) 
the  penetration  was  5  in.  greater  than  for  the 
controls.  The  DRC162-2  liners  had  45  flat  flutea 
machined  on  the  exterior  surface.  The  average 
penetration  at  the  peak  In  the  penetration  curve 
was  16  in.  and  occurred  at  40  r.  p.  s.  This  pene¬ 
tration  represented  86%  of  the  non-rotated  pene¬ 
tration  of  the  uniiuted  controls.  These  fluted 
liners  penetrated  to  a  greater  depth  than  the  con¬ 
trols  at  all  spin  rates  above  23  r.  p.  £ . ,  and  at 
their  optimum  cptn  rate  of  40  r.p.  s.  penetrated 
5  in.  deeper  than  the  controls. 
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Tests  on  liners  to  study  the  effect  of  a  wirethrough 
the  apex  of  tiisllner  and  approximately  along  the 
axis  of  the  tee  showed  that  this  wiring  method 
should  he  avoided. 

I 
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Two  series  cf  penetration  rounds  were  fired  Into 
Aberdeen  target  plate  to  study  the  penetration  vs. 
liner  angle  relationship  for  constant  length  of 
projectile  body,  for  constant  weight  of  high  ex¬ 
plosive,  and  for  constant  head  of  high  explosive. 

Graphical  results  show  that  the  constant  length 
and  constant  weight  of  high  explosive  curves  fall  . 

into  essentially  parallel  curves,  with  the  constant 
weight  data  (armor  plate)  being  about  1. 5  in. 
lower  than  that  using  the  constant  length  of  pro¬ 
jectile.  In  each  case  there  was  peaking  at  a  liner  \ 

angle  of  about  42°.  The  data  for  the  constant 
head  series  shoved  no  such  maximum  and  pene¬ 
tration  increased  linearly  with  decreasing  liner 
angle.  Further  tests  with  a  band  of  explosive 
behind  the  flange  of  the  liner  showed  that  the  j 

explosive-backed  flange  should  be  avoided.  Im¬ 
provement  in  performance  was  noted  when  the 
explosive-backed  flange  was  eliminated.  Progress 
is  reported  monthly  on  the  rifle,  the  T138,  T171, 
and  T119  projectiles,  and  fuzes  for  HEAT  rounds. 
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Three  series  of  rounds  with  seiraled  liners  and 
2  series  with  smooth  control  liners  were  tested 
for  penetration  into  mild  steel  at  various  spin 
rates  and  at  a  standoff  of  7. 5  in.  Penetration 
results  with  DR D1 17-3  spiral  serrated  liners 
(16  fiat  spiral  flutes  machined  on  exterior  surface) 
shoved  that  the  average  penetration  was  15.4  in.  In 
mild  steel  at  7.5  r.p.  s.  This  penetration  rep¬ 
resented  9C%  of  the  non-rotated  penetration  of 
the  0. 150-in.  wall  of  the  uniiuted  control  liners, 
but  it  was  only  05%  of  the  uniiuted  0. 100-in.  wall 
control  liners.  It  is  pointed  out  that  such  a  spiral, 
does  not  oiler  any  advantage  over  straight  un¬ 
spiraled  flutes.  Based  upon  the  performance  of 
DRD78-2  liners  (16  flutes  interior  and  exterior 
surface),  DHD213-1  liners  (16  exleiior  flutes, 
pressed  from  DRB2-8  smooth  liners),  and 
DRD223  liners  (16  interior  R.utes,  pressed  from 
DRB2-8  smooth  liners),  the  following  tentative 
conclusions  were  made:  (1)  external  fluting  of  a 
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given  geometry  shifts  the  spin  rate  for  best 
average  penetration  further  from  0  r.p.  s.  than 
does  the  ccrrespoi.dlng  internal  fluting;  (2)  internal 
fluting  of  a  given  geometry  does  not  reduce  the 
penetration  at  the  best  spin  rate  as  much  as  doea 
the  corresponding  external  fluting;  (3)  matching 
internal  and  external  flutes  result  in  a  net  per¬ 
formance  which  seems  to  be  a  balance  between 
the  effect  of  the  external  and  internal  flutes.  IT 
different  mechanisms  of  compensation  result  from  . 
the  use  of  externa!  and  Internal  flutes  ft  may  be 
possible  to  cause  the  2  mechanisms  to  reinforce 
1  another  rather  than  to  oppose  1  another  as  they 
seem  to  in  the  single  instance  cf  the  DRDtfl-2 
liners. 
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Penetration  tests  were  made  with  semi-cylindrical 
liners  against  mild  steel  target  plates  (7  in.  square 
and  3  in.  thick).  The  average  penetration  of 
11.0  in.  was  much  less  than  that  obtained  with  Cu 
liners  of  similar  base  diameter  (3.  61  in.).  Ex¬ 
periments  with  tapered  wall  steel  liners  (1-C3r 
and  4. 35-in.  diameter)  failed  to  show  that  liners 
thinner  toward  the  apex  were  superior  to  liners  with 
uniform  walls.  Further  tests  are  planned. 
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Penetration  studies  were  made  to  determine  the 
comparative  resistances  of  targets  of  Pb,  mild 
steel,  gray  cast  Fe,'  302  stainless  steel  plate,  and 
302  cast  stainless  steel  to  shaped  charges.  For 
the  21  rounds  fired  at  a  standoff  of  7.  5  in.  and  a 
spin  rate  of  0,  penetrations  tanged  from  an 
average  of  23.  26  in.  in  Pb  to  16.62  in.  in  302 
stainless  steel.  The  Pb  and  gray  cast  Fe  plates 
were  fragmented  as  well  as  penetrated.  In  addition 
a  comparison  was  made  of  the  penetrations  pro¬ 
duced  by  B1  rounds  having  45°  machined  liners 
(DRB2,  0. 100-in.  wall  thickness)  with  spltback 
tuhos  of  different  lengths  and  diameters.  With  an 
increase  in  the  length  of  the  spitback  tube  from 
.25  in.  to  2  80  in. ,  the  penetration  increased 
from  17.36  in.  to  13.  13  in.;  increasing  the  tube 
diameter  from  .  25  in.  to  1.  0  in.  caused  the 
average  penetration  to  increase  from  1C.  7  in. 
to  19. 1  In.  Penetration  data  are  presented  in 
tables.  - 
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Penetration  studies  were  made  with  the  Till 
HEAT  type  projectile  (DHC193  body),  substituting 
the  DRBS1  nose  ring  for  the  DRB83  nose  ring 
employed  in  earlier  teats  (item  no.  L1023).  Cu 
liners  (45",  DRB2,  0. 100-m.  wall  thickness) 
were  used.  The  change  in  the  nose  ring  doubled 
the  round's  penetration.  For  the  5  rounds  fired 
at  a  standoff  ol  7.5  in. ,  the  average  penetration 
in  mild  steel  was  20. 20  in.;  at  a  standoff  of 
18.0  in.,  the  average  penetration  for  the  5  rounds 
fired  into  mild  steel  was  20. 75  In.  Comparison 
of  drawn  liners  with  machined  liners  indicated 
that  both  liners  penetrate  equally  well.  Jn  addition, 
rotation  tests  shewed  that  at  25  r.  p.  s. ,  the 
penetration  Is  independent  of  the  type  of  assembly 
but  0  r.  p.  s. ,  the  penetration  Is  nearly  5  in. 
greater  with  the  DRC37G  test  assembly  than  with 
the  T138E57.  This  suggests  ihat  the  tee  of  the 
T138E57  interferes  with  charge  penetration. 
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Three  phases  of  shaped  charge  penetration 
phenomena  were  investigated.  (1)  Thirty  rounds 
of  the  T138E57  projectile  were  fired  to  determine 
the  effect  of  the  DRC314  tee  on  penetration  results. 
Two  different  penetration  round  assemblies  were 
used.  Firing  data  Indicated  that  with  the  DRC37C 
the  D11C314  tee  reduced  penetrafion  by  about  3  In. 
at  0  r.p.  s.,  and  caused  little  effect  on  penetration 
at  25  r.  p.  s.  In  the  ease  of  the  DRC15-6  as¬ 
semblies  with  DREZ  conical  liners,  the  penetra¬ 
tion  results  were  not  influenced  by  the  presence  of 
the  tee  at  0  r.  p.  s.  (2)  Test  firings  were  made  to 
study  the  effect  of  a  T203  base  clement  cavity  on 
penetration.  With  the  booster  In  a  more  rearward 
position  results  showed  penetration  was  increased 
approximately  2  In.  (3)  Fifteen  standard  DRB398 
conical  liners  and  9  recoiled  DRB398  liners  were 
fired  to  determine  the  effect  of  recoining  on  pene¬ 
tration.  The  test  data  indicated  that  there  was  no 
substantial  difference  between  the  performance  of 
the  standard  and  recoined  DRB398  liners. 
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Firestone  Tire  and  Rubber  Co.  (DA33-Q19-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  25.  Aug.  1952,  33p.  incl. 
tables,  di2grs.  AD-16  753  Confidential 

Three  shaped  charge  penetration  studies  were 
conducted.  (1)  Fifteen  liners  drawn  from  Cu 
strip  and  9  liners  machined  from  hard  drawn  Cu 
bar  were  tested  for  penetration  into  mild  steel  ai 
0.  25,  nnd  30  r.  p.  s.  The  drawn  liners  gave 
average  penetrations  ol  20  B0,  15.79,  and  13. 85  In. 
at  0,  25,  nnd  30  r.  p.s. ,  respectively;  average 
penetrations  of  20.  83  and  15.91  in.  were  obtained 
with  the  machined  liners  at  0  and  25  r.p.  s. , 
respectively.  These  data  show  that  both  drawn  or 
machined  liners  penetrate  equally  well  at  spin 
rates  of  0  and  25  r.p.  s.  As  a  result  of  the  more 
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rearward  position  of  the  booster  (item  no.  L1034' 
penetrations  were  improved.  (2)  DRC314  tees 
were  modified  to  determine  the  cause  of  the 
interference  which  reduced  penetration  of  the 
DRB39B  liner  by  about  1  in.  at  25  r.p.  s.  and  4  In. 
at  0  r.p.s.  Penetration  tests  revealed  that  the 
interference  was  not  caused  primarily  by  the  30“ 
taper  in  the  tee  cavity.  Further  tests  are  planned 
to  determine  the  effect  of  the  boom  and  the  boom 
entry  hole  contour.  (3)  Ten  DRB398  Cu  liners, 
modified  to  fit  a  90 -mm.  projectile,  were  fired 
at  standoffs  of  4.  0,  6.  5,  and  9.  5  in.  The  highest 
average  penetration  obtained  (16.40  In.  at  6. 5-ln. 
standoff)  was  lower  than  that  for  an  unmodified 

.  DRB399  liner  in  a  ratio  approximately  equal  to  the 
reduction  in  the  base  diameter  of  the  liner. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-3,.). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Supplement  to  progress  repf.  no.  25.  Aug.  1952, 
7p.  incl.  ilius.  table,  dtagrs.  AD-12  173 

Secret 

The  use  of  a  double  body  projectile,  having  a 
.otating  stabilizing  section  and  a  slowly  rotating 
charge  section,  to  overcome  the  effect  of  spin 
on  shaped  charge  penetration  was  briefly  discussed. 
Further  studies  ol  spin  compensation  are  planned 
with  serrated  Cu  and  A1  liners  of  various  flute 
number  and  flute  depth. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  27.  Oct.  1952,  17p.  incl. 
tables,  diagrs.  AD-13  452  Confidential 

The  effect  of  a  number  of  variables  upon  the  per¬ 
formance  ol  the  DRB398,  42°  Cu  liner  was  deter¬ 
mined.  The  variables  tested  were:  (1)  the  method 
oi  manufacture;  (2)  liner  material;  (3)  type  of  body 
assembly  (test  body  and  tee);  and  (4)  location  of 
booster.  It  was  concluded  that:  (a)  the  liner  manu¬ 
facture  method  had  no  effect  upon  penetration  of 
test  assemblies  without  tees  when  fired  at  7.  50-in. 
standoff;  (b)  A1  Liners  were  only  42*;  as  efficient 
as  Cu  liners  in  penetration  tests;  (c)  DR3321  and 
DRC376  bodies  could  be  used  interchangeably  in 
static  penetration  tests;  the  DRC314  tee  seriously 
reduced  the  penetration  of  non- rotated  rounds; 
and  (d)  booster  location  was  important  to  pene¬ 
tration;  the  round  with  the  booster  positioned  in 
the  base  plug  gave  1.  0  in.  more  penetration  than 
did  the  projectile  having  the  booster  and  base 
element  buried  In  the  explosive.  Penetration  data 
are  given  for  the  Cu  liners  ar.d  spin  rate  curves 
are  also  presented. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  28.  Nov.  1952,  2Sp.  Incl. 
tanles,  diagrs.  AD-16  453  Confidential 


Tests  were  made  to  study  the  relationship  of 
shaped  charge  penetration  with  liner  angle  and 
standoff,  keeping  the  head  cl  high  explosive  a 
constant  3. 03  in.  The  ’0“  liner  with  4.  5  lb.  of 
Comp.  B  produced  average  penetrations  In  mild 
steel  of  18.22,  19.20,  and  17.25  in.  at  standoffs 
of  7. 5,  15.0,  and  22.0  In.,  respectively;  the 
45°  liner  with  2.  75  lb.  oi  Comp.  B  gave  average 
penetrations  of  14. 14,  21.  20,  and  22.21  in.  at 
standoffs  of  4.0r  13.0,  and  22.0  in.,  respectively. 
Penetration  data  are  also  plotted  for  liner  angles 
of  30°,  40°,  50°,  and  CO"  at  a  standoff  of  7. 5  lit. 
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Firestone  Tire  and  Runner  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Supplement  to  progres  3  rept.  no.  28.  Nov.  1952, 
23p.  incl.  tables,  diagrs.  AD-33  332 

Secret 

Tests  were  made  eti  0  lots  of  serrated  liners  to 
determine  the  effect  cf  flute  number  and  flute 
depth  upon  spin  rate-penetration  behavior  of  Inter¬ 
nally  fluted  liners.  The  liners  were  pressed  from 
DRB398  blanks  to  obtain  flute  numbers  of  38,  45, 

60,  and  100  with  nominal  flute  depths  ranging  from 
0.  010  in.  to  0. 039  In.  at  the  lower  datum.  All 
series  of  liners  gave  satisfactory  penetration  per¬ 
formance.  Test  results  indicated  that  there  was 
no  reversal  in  the  direction  of  compensation  as 
the  number  of  flutes  was  increased  which  is  con¬ 
trary  to  the  efiect  noted  with  liners  having  external 
flutes.  It  was  concluded  that  internally  fluted 
liners  are  much  les6  effective  than  externally  fluted 
liners  In  shifting  the  optimum  frequency. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  29.  Dec.  1952,  25p.  Incl. 
ilius.  tables,  diagrs.  AD-16  454  Confidential 

Four  phases  of  penetration  by  shaped  charges 
were  investigated.  (1)  Tests  were  made  to  deter¬ 
mine  the  effect  of  standoff  upen  penetration  of  2 
series,  1  machined,  the  other  drawn,  DRB398 
Cu  liners.  The  greatest  average  penetration  for 
the  machined  liners  was  21.  50  in.  in  mild  steer 
at  a  standoff  of  15.  0  in.;  for  the  drawn  liners,  the 
"featest  average  penetration  was  21. 42  in.  at 
15.0-in.  standoff.  Thus,  the  standoff  behavior 
of  the  2  series  was  very  similar  although  the 
machined  liners  gave  better  penetration  at  the 
longest  standoff  of  22.  5  in.  The  greater  uniformity 
of  performance  of  the  machined  liners  was  at¬ 
tributed  to  their  improved  symmetry.  (2)  Studies 
of  the  efiect  oi  internal  configuration  of  the  tee 
upon  penetration  were  conducted.  Data  showed 
fhp  ■j'lofdrtn  no  rm ration  of  the  DRB398  liner 
fired  withThe? Wc^'tee  was  16.01  in.,  with  the 
DRC314  HW10,  16. 2  in. ,  and  with  the  DRC314 
J1W14,  18.21  In.  (3)  Ten  rounds  were  poured 
with  2  different  types  uf  pouring  funnels  or  risers 
to  determine  the  effect  on  penetration.  The 
charges  east  using  the  A!  risers  penetrated  1  in. 
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(5%)  more  than  did  those  poured  from  risers  made 
of  glazed  chemical  porcelain.  (4>  A  tee  material 
study  was  conducted  to  ascertain  the  effect  on 
penetration  of  using  malleable  Fe,  malleable  Fc 
and  Mn,  and  mild  steel  teeB.  No  differences  in 
performance  were  observed.  Test  data  are  given 
and  analyzed  for  each  of  the  4  phases  discussed. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  30.  Jan.  1053,  23p,  Incl. 
illus.  tables,  dlagrs.  AD- 16  058  Confidential 

Tests  were  made  to  determine  the  “(Tent  of  a  wire 
located  on  the  liner  axis  upon  the  penetration  per¬ 
formance  of  a  shaped  cliarge.  Ten  rounds  were 
without  wires,  IQ  rounds  had  the  wire  drawn  taut, 

10  rounds  had  0.  5  in.  of  slack  in  the  wire,  and  10 
rounds  were  assembled  with  1  in.  of  slack  in  the 
wire.  Some  rounds  were  rotated  at  15  r.  p.  a.  The 
test  results  indicated  that:  (1)  a  taut  wire  on  the 
axis  of  thj  liner  greatly  reduced  charge  penetra¬ 
tion;  (2)  a  slightly  slack  wire  that  may  or  may  not 
have  been  on  the  axis  showed  Interference  in  a 
portion  of  cases;  (3)  a  quite  slack  wire  caused 
little  or  no  penetration  reduction.  It  was  concluded 
that  the  presence  of  a  wire  in  the  cavity  was  not 
detrimental  unless  It  wa3  located  in  the  direct  path 
of  the  Jet.  Further  studies  of  the  effect  of  Internal 
toe  configuration  upon  penetration  of  machined 
liners  were  completed.  Results  are  compared 
with  data  ohtained  from  tests  of  drawn  lln'  :s.  With 
the  exception  of  the  DRC314  HW10  tee,  there  was 
no  significant  difference  between  the  performance 
of  machined  and  drawn  liners.  Using  this  tee,  the 
neiifctratiors  averaged  19.2  in.  for  the  machined 
and  16.  2  in.  for  the  drawn  liners.  Evidently 
the  degree  of  clearance  provided  by  the  DRC314 
HW10  tee  was  sufficient  for  the  machined  but  not  for 
the  drawn  liner.  In  addition,  tests  were  conducted 
to  determine  the  applicability  of  a  So  rectifier  and 
a  condenser  in  a  setback-actuated  ciectrlc  fuze 
for  a  proposed  HEAT  shell  arrangement.  The  test 
results  are  given. 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-CVRD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  32,  Mar.  1953,  33p.  IncL 
Ulus,  tables,  diagrs.  AD-16  660  Confidential 

The  penetration-spin  rate  behavior  of  DRB308  Cu 
liners,  modified  by  cutting  off  the  base  to  fit  in  a 
90-mm.  projectile  (item  no.  L1035).  was  observed. 
At  a  standoff  of  6  in.  and  at  spin-ra  .es  of  0,  15, 

30,  and  45  r.  p.  s.  ,  the  penetration  ;n  mild  steel 
was  16.39,  15.35,  11.40,  and8.S5in.,  respec¬ 
tively.  In  another  study,  3  types  of  Cu  UnerG 
were  teGtco  for  penetration  into  mild  steel  it 
various  standoff  distances.  The  3  types  are  aa 
follows:  (I)  machined  from  hand  drawn  Cu  bar, 

(2)  drawn  from  Cu  strip  and  recoined  between 
matching  steel  dice,  and  (3)  drawn  from  Cu  strip. 
Penetration  data  showed  striking  differences  in 
the  3  series  at  long  standoff,  but  little  difference 
at  short  Dr  optimum  standoff.  At  the  optimum 
standoff  of  15  in.  (4.5  cone  diameters)  penetra¬ 
tions  for  all  the  liners  averaged  21.  5  in.  At  a 
standoff  of  42  ir>. ,  the  average  penetration  of  the 
machined  liners  was  20. 5  in. ,  the  recoined 
liners  17.  5  in. ,  and  the  drawn  liners  13.  2  In.  Tha 
third  ntudy  was  concerned  with  the  performance 
of  Cu  liners,  Cu  liners  with  thin  A1  inserts,  and 
both  steel  and  At  liners  with  thin  Cu  inserts  at  0 
and  30  r.  p,  fc.  It  was  supposed  that  the  steel  and 
A1  liners  with  Cu  inserts  would  show  oerietxationo 
approximating  those  of  the  Cu  liners,  and  that  Cu 
liners  with  A1  Inserts  would  be  decidedly  inferior. 
However,  the  latter  liners  were  the  best  of  the 
composite  liners  as  Indicated  by  Ihe  following  data: 
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Cu 

A1  Insert -(20%  Al)/Cu  shall 

Cu  insert  (20%  Cu)/steel  shell 

Cu  insert  (20%  Cu)/steel  shell 
Cu  insert  (20%  Cu)/Al  shell 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-ORD-33). 
105-MM.  BATTALION  ANTITANK  PROJECT. 
Progress  rept.  no.  31.  Feb.  1953,  lip.  Incl. 
tables.  AD-16  659  Confidential 

A  study  was  made  to  determine  the  effect  of  "holding 
time",  the  length  of  time  a  charge  is  held  at  tne 
pouring  temperature  before  casting,  on  shaped 
charge  penetration  performance.  The  charges  of 
Comp.  B  were  poured  into  warmed  DRC376  test  as¬ 
semblies  having  DRB393  drawn  liners  when  the 
melt  tirst  reached  b5’C  and  again  alter  a  holding 
time  of  1.  5  hr.  The  average  penetration  of  the 
charges  cant  as  soon  as  the  melt  reached  pouring 
temperature  was  only  about  2%  greater  than  those 
cast  1.  5  hr.  later. 


.  1  =  type  liner;  II  ^r.  p.  s. ;  m  =  average  penetration 
(in.  in  mild  steel) 
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Firestone  Tire  and  Rubber  Co.  (DA33-019-OPD-33 
and  DA33-019-ORD-12C2). 

BATTALION  ANTITANK  PROJECT.  Progreso 
rept.  no.  35.  June  1953,  22p.  bid.  tables, 
dlagrs.  AD-lG  751  Confidential 

Tests  wore  made  to  exterd  the  use  of  data  for 
the  195-mm.  liners  and  charges  to  Other  sizes. 
Therefore,  sludies  were  carried  out  to  determine 
the  elfcct  of  standoff  and  rolalion  on  charges  and 


SECRET 


184 


SHAPKn  CHARGES 


SECRET 


liners  sealed  down  In  the  ratio  of  75/105.  A 
generalized  plot  of  the  penetration  standoff  be¬ 
havior  of  this  type  liner  and  charge  gave  a  curve 
which  fits  the  observed  data  for  bot.i  2.5-in.  and 
3. 5-in.  charges.  A  plot  was  also  made  showing 
the  eiiect  of  rotation  on  liners  of  this  type;  the 
curve  fits  the  observed  data  for  both  the  2.  5-ln 
and  3.  5-ln.  liners  and  charges  well  within  the 
experimental  error. 
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Firestone  Tire  and  Rubber  Co.  (DA53-019-ORD-33 
and  DA33-019-ORD-12O2',. 

BATTALION  ANTITANK  PROJECT.  Supplement 
to  progress  rept.  no.  35.  June  1953  ,  21p.  bicl. 
Ulus.  tables.  AD-20  555  Secret 

In  static  and  dynamic  firings  of  smooth  and  fluted 
cones,  the  latter  penetrated  about  2. 5  in.  less 
than  expected.  In  a  bearing  evaluation,  double¬ 
body  projectiles  were  lived  at  a  1700-ft./sec. 
muzzle  velocity  to  impart  a  2-10- r.  p.  s.  spin  to 
the  rotating  member.  The  cages  apparently  pre¬ 
vented  the  bearings  from  functioning  properly. 

Tnc  Timken  T127  appeared  usable  but  not  as 
satisfactory  as  the  DRC389  assembly.  Scaling 
studies  were  begun  to  determine  the  effect  of  size 
upon  the  penetration- cone  and  charge  behavior. 

(ASTIA  abstract) 
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Flint kote  Co.  (DA30-069-ORD-245). 

[ARMOR  TO  RESIST  SHAPED  CHARGES],  by 
P.  .1.  Smith.  Progress  rept.  Aug.  26-Sept.  26, 
1951.  p.  1-9  illus.  tables,  dlagrs.  Confidential 

Preliminary  tpsts  were  started  on  armor  to  resist 
shaped  charges.  A  standoff  curve  was  plotted  from 
tesi  results  of  1-in.  mild  steel  plates  at  1.  25-, 
2.25-,  3.25-,  4.  25-,  6.25-,  and  8.  50-ln.  stand¬ 
off  The  tests  were  made  by  using  a  cardboard 
tube  for  the  standoff  and  6. 25  in.  was  added  for 
tnc  distance  back  from  the  edge  cf  the  plastic  case 
of  the  du  Punt  ,Tet  Tapper  to  the  edge  cf  the  conical 
Cu  liner.  It  was  noted  that  trie  points  of  the  curve 
fell  or.  a  smooth  curve,  and  the  optimum  standoff 
was  around  4  In.  with  little  difference  in  the 
penetrations  obtained  from  3-  to  6-in.  standoff. 

A  preliminary  test  using  plate  glass  showed  that 
it  was  better  than  mild  steel  for  resisting  shaped 
charges  on  a  thickness  as  well  as  weight  basis. 
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[ARMOR  TO  RESIST  SHAPED  CHARGES],  by 
P.  R.  Smith.  Progress  rept.  Sept.  26-Oct.  26, 
1951.  p.  10-49  incl.  illus.  tables,  dizgrs. 
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Various  types  cf  glasses  tested  (Pittsburgh 
pursued  plate  glass,  rough,  rolled  plate  glass, 
Pittsburgh  solid  glass  blocks,  Mississippi 
polished  wire  glass,  etc.)  did  not  produce  out¬ 
standing  results.  It  was  established  that  5  in.  of 


glass  will  stop  a  du  Pont  Jet  Tapper  as  well  au 
7  In.  of  mild  steel.  A  preliminary  evaluation  of 
HCR  showed  that  while  it  was  betler  than  steel  on 
a  weight  basis,  it  needed  further  refinement  in 
order  to  be  as  eifective  as  glass,  particularly  to 
reduce  the  effect  of  perforations  due  to  the  non- 
homogeneous  nature  of  the  material. 
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[ARMOR  TO  RESIST  SHAPED  CHARGES],  by 
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Tests  were  made  on  a  borosilicate  glass,  and  aa 
equation  was  developed  that  shows  the  total  pene¬ 
tration  for  any  thickness  of  this  glass.  It  is  shown 
that  a  small  thickness  of  glass  is  relatively  more 
eifective  than  greater  thicknesses  when  a  com¬ 
parison  is  made  with  mild  steel.  Comparative 
results  from  a  number  of  asphalt  binders  showed 
that  harder  materials  are  the  most  effective. 
Multiplate  bullet-pi  oof  glass  was  found  to  be  good 
but  not  much  better  than  plate  glass.  It  was  noted 
that  glass  appeared  to  be  more  resistant  perpendic¬ 
ular  to  the  surface  than  parallel  to  the  surface. 
Cushioning  materials  seemed  to  be  of  little  or  no 
stopping  power  when  used  between  plates  of  glass. 
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[ARMOR  TO  RESIST  SHAPED  CHARGES],  by 
P.  n.  Smith.  Progress  rept.  Nov.  26-Dec.  26, 
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Tests  showed  that  there  was  little  difference  in. the 
ctlectiveness  between  plate  glass  and  borosilicate 
glass.  Further  tests  showed  that  when  both  plate 
glass  and  Herculite  (a  tempered  glass)  were 
tested  paraUel  to  the  ordinary  surfaces,  the 
penetration  was  much  gioaler  than  when  tested 
perpendicular  to  the  surfaces.  This  condition 
also  aopeared  when  shots  were  fired  at  60 
obliquity.  The  effect  of  using  a  thin  face  plate 
with  glass  armor  was  found  to  be  relatively  un¬ 
important  in  regards  io  total  penetration. 
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A  new  lot  of  du  Pont  Jet  Tappers  gave  a  slightly 
higher  penetration  value  against  mild  stee'i 
(7.30  in.)  than  the  previous  lot  of  Tappers  (7.01 
and  6. 93  in.).  Tests  made  on  armor  containing 
Lilssville  grave  1  showed  that  the  binder  had  only 
a  minor  effect  on  jet  penetration;  however,  it  was 
brought  out  that  1  in.  of  gravel  was  more  ef¬ 
fective  than  1  in.  of  steel  in  stopping  ihe  jet,  and 
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consequently  on  a  ■weight  basts  13  lb.  ol  gravel 
will  have  about  the  same  stopping  power  an  4G 
lb.  oi  mild  steel.  One  test  with  Ico  showed  that  li 
■was  not  very  effective  in  stopping  a  Jet.  Formica 
FF55  made  with  Fiberglas  cloth  appeared  to  be 
very  effective  in  stopping  (he  jet,  but  the. material 
■was  very  expensive.  Plain  cellulose  acetate 
appeared  Id  have  little  or  no  effect  in  stopping  the 
Jet.  Additional  tests  with  glabs  materials  showed 
that  they  were  not  as  effective-  as  plate  glass,  bat 
further  tests  will  be  made. 
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Tests  showed  that  2-ln.  glass  balls  were  more 
efficient  than  1-la.  glass  marbles  for  stopping  a 
shaped  charge.  Carborundum  and  Emerycreto 
(hard  natural  carDorur.dum)  were  ol  little  value 
in  stopping  shaped  charges.  Preliminary  testa 
were  continued  on  magnetic  fields.  Several  glasc 
mat  resin  combinations  from  the  Winner  Manu¬ 
facturing  Co.,  glass  cloth,  ar.d  glass  mat  combina¬ 
tions  with  asphalt  were  tested.  None  of  the  samplec 
shattered  but  there  was  a  slight  tendency  to 
delaminate. 
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Data  arc  given  for  test3  made  with  mixtures  con¬ 
sisting  of  36%  by  weight  of  2-ln.  Lllesvllle 
Gravel,  3. 5%  by  weight  of  wood  flour,  and 
10. 5%  of  150°  m.  p.  asphalt.  It  Is  pointed  end  that 
it  made  very  little  dltference  what  binder  was 
used  because  the  gravel  was  the  effective  material 
In  stopping  the  jet.  Erratic  results  obtained  from 
Lot  3  du  Pont  Jet  Tappers  are  discussed. 
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Additional  tests  made  by  firing  shaped  charges 
through  magnets  showed  that  penetration  was  less 
than  when  the  cliarges  were  fired  through  un- 
magnetized  materiaL  The  effect  of  the  size  of 
polirhed  plate  glass  blocks  on  resistance  to  pene¬ 
tration  was  investigated.  It  was  shown  that  2-In. 
square  pieces  cf  glas6  were  inferior  to  large 
pieces  in  stopping  power.  Tests  with  extra 
dense  flint  glass  ar.d  plate  glass  showed  that  there 
was  little  difference  in  stopping  power  between  the 


2  glasses.  A  limited  number  of  tests  with  white 
Carrara  glass  showed  it  to  be  slightly  belter  than 
plate  glass.  Ar.  addiliui'tl  panel  with  2-ui.  diam¬ 
eter  glass  bails  was  tested,  and  it  pi'oved  to  be 
better  than  1  with  1-in.  balls.  Tests  with  single 
pieces  of  Lllesvllle  gravel  shewed  that  the 
previous  idea  was  correct,  l.e. ,  1  in.  nf  gravel 
Is  about  equal  to  1  fn.  of  mild  steel  in  ability  to 
stop  shaped  charges.  Tests  with  Lot  4  du  Pont 
let  Tappers  against  mild  steel  at  4.25-,  8.  25-, 
and  12. 25-in.  standoffs  showed  that  the  standard 
derivation  increased  with  Increased  6tandoff. 
Formica  FF55  was  found  to  be  reasonably  effective 
in  stopping  shaped  charges;  F55  did  not  appear  to 
offer  any  advantages  as  compared  with  plate' glass, 
but  it  waj  the  best  plastic  material  tested. 
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A  review  of  data  on  polished  plate  glass  show -d 
that  for  stopping  shaped  charges  the  3tze  of  the 
du  Pont  Jet  Tappers  or  CIT  charges,  about 
3.  8  In.  of  glaes  will  give  the  minimum  thickness 
of  glass  and  mild  steel,  and  5. 7  In.  of  glass  will 
give  the  minimum  weight  of  armor.  Tests 
showed  that  the  jet  penetrated  more  glass  at  high 
obliquities  (45°  and  60°)  than  It  did  when  tested 
at  normal  to  the  surface.  It  was  pointed  out  also  that 
there  was  some  slight  possibility  that  glass  was 
more  resistant  to  penetration  when  the  Jet  entered 
the  sheet  with  the  direction  of  rolling  than  when  It 
entered  across  the  direction  ol  rolling.  Tests 
showed  that  It  made  no  difference  what  arrange¬ 
ment  of  glass  ana  steel  was  used  up  to  0. 25- In. 
thick  face  plate.  Tests  showed  that  magnetized 
homogeneous  armor  plate  was  superior  to  un- 
magneiized  material  in  stopping  shaped  charges. 
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The  research  group  at  Flintkote  reported  that: 

(1)  results  obtained  al  a  standoff  of  4. 25  In.  with 
du  Pont  let  Tappers  and  24ST  Al  conform  to  the 
simple  residual  penetration  theory;  (2)  tests  made 
using  polished  plate  glass  and  24ST  Al  showed 
that  this  combination  gave  the  same  stooping 
power  as  mild  uteel;  (3)  du  Pont  Jet  Perforators, 
smaller  charges  than  the  Jet  Tappers,  were 
tested  against  plate  glass,  24ST  Al,  and  mild 
steel;  results  indicated  that  the  usual  scaling 
laws  fail  to  apply  for  the  Al  or  steel,  though  an 
apparent  relationship  was  shown  for  glass; 

{4}  hand-placed  and  vibrator-compacted  Lilesvlllc 
gravel  performed  equally  well  against  jets; 

(5)  tests  on  a  Ciba  casting  resin  (Araldlte)  and 
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2  lr..  of  Lilesville  gravel  indicated  that  though  the 
resin-gravel  bond  was  strong,  it  offered  no  better 
performance  than  asphalt  as  a  binder;  (6)  White 
Carrara  glass  equalled  polished  plate  glass  in 
resisting  Jets;  (7)  2.  25-in.  diameter  glass  bails 
(densiiy  146. 4  Ib./cu.  ft.)  performed  better  than 
!-:n.  glass  marbles  in  resisting  jet  penetration; 

(0)  polished  plate  glass  was  tested  to  determine 
whether  area  of  the  glass  or  volume  of  the  glass 
affects  jet  penetration;  no  conclusions  were  drawn; 
(9)  resin-bonded  Fiberglas  cloth  blocks  (WR56S) 
from  the  Winner  Manufacturing  Co.  showed  signs 
of  deiumination  after  test  firings;  (10)  "Lazy 
Slurry,"  an  extremely  dilatant  material  composed 
of  distilled  H2O,  5%  Zn(N03>2  solution,  5% 

Calgon  solution,  and  precipitated  CaCGj,  showed 
no  merit  when  tested  with  Jet  Tappers’. 
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The  effect  cn  penetration  of  varying  the  size  of 
the  glass  targets  was  observed  end  a  correction 
tvas  made  to  the  equation  rebating  thickness  of 
plate  glass  in  the  target  to  total  penetration.  Data 
indicated  that  on  a  weight  basis,  glass  balls  were 
superior  to  glass  plate  in  resisting  shaped  charge 
jets.  Penetration  tests  on  Zr  plates  showed  that 
this  material  evidently  follows  the  simple  residual 
penetration  theory.  This  theory  was  compared  with 
the  empirical  equation,  developed  at  Flintkote, 
for  penetration  in  glass  targets  and  the  resem¬ 
blances  and  differences  were  discussed  briefly. 
Penetration  tests  made  In  mild  steel  plates 
showed  that  Lot  no.  5  du  Pont  Jet  Tappers 
averaged  7. 56  in.  as  compared  with  6. 69  in-  for 
Lot  no.  4.  Erratic  results  were  obtained  when 
Jei  Tappers  were  fired  into  steel  plates  mag¬ 
netized  by  an  electromagnet.  Tests  were  made  cn 
cylinders  of  N  to  determine  whether  a  shaped 
charge  jet  was  slowed  by  passage,  through  the 
highly  compressed  gas;  no  significant  effects 
were  observed.  Further  tests  on  "Lazy  Slurry" 
showed  that  various  formulations  of  tills  type  of 
dilatant  material  were  not  effective  In  combatting 
jet  effectiveness.  Additional  tests  on  Lilesville 
gravel  (06%)  wood  flour  (3.  5%)  asphalt  (10.  5%) 
mixes  at  45“  and  60“  obliquity  substantiated 
results  obtained  earlier  at  0‘  obliquity.  Pre¬ 
liminary  tests  were  conducted  cn  a  sandwich 
armor  of  gravel  mastic  ana  glass  blocks;  no 
conclusions  were  drawn.  In  addition,  the  results 
of  tests  made  at  Aberdeen  Proving  Ground  using 
3.  5- In.  shaped  charges  against  solid  glass  blocks 
are  included. 
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Data  were  collected  from  2C9  shots  fired  Into 
varying  thicknesses  of  2-in.  Lilesville  gravel  to 
the  original  HCR2  formula  at  4. 25-in,  standoff 
and  obliquities  of  0“,  45"  and  60°.  An  empirical 
relationship  was  obtained  correlating  the  gravel 
weight,  and  aiso  the  weight  of  HCR2,  with  the- 
total  weight  to  the  mean  depth  of  penetration. 
Comparisons  were  made  with  other  materials  and 
it  was  found- that  1.91b.  ol  mild  steel,  0.25  If*, 
or  plate  glass,  0. 34  lb.  of  LUesvlUc  gravel, 

0.40  lb.  of  HCR2,  and  0.  Sf  lb.  of  24ST  A1  were 
equivalent  in  slopping  shaped  charge  jets.  In 
tests  3-ln.  to  6-in.  size  Lilesville  gravel  showed 
little  performance  advantage  over  the  2-in.  size. 
The  results  of  tests  on  24ST  A1  plates  were  - 
correlated  using  the  empirical  formula  developed 
by  Flintkote  and  Pugh's  simple  residua!  pene¬ 
tration  theory.  In  further  studies, Burundum,  A  • 
tabular  shaped,  non-metalllc,  high  density,  ultra 
high-llred  ceramic  body,  2-ln.  porcelain  grinding 
balls,  and  flint  pebbles  1  5/8  in.  to  2  in.  in  diam¬ 
eter  were  tested  with  the  conventional  asphalt 
binder  against  Lot  no.  5  du  Pont  Jet  Tappers. 
Comparison  with  Lilesville  gravel  indicated  that 
Burundum  ottered  no  advantages  on  a  weight  basis, 
that  the  porcelain  balls  were  slightly  belter  than 
the  gravel,  and  that  the  flint  pebbles  were  equal 
to  the  gravel  in  performance.  A  cold-setting 
mastic  (Thlokol  LP2,  plasticizers,  and  a  catalyst) 
was  also  examined  and  found  promising.  The  only 
test  conducted  against  magnetized  steel  plates  In  ■ 
dicated  that  the  penetration  of  the  charge  (Lit 
no.  5  Jet  Tapper)  was  retarded. 
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Further  investigation  of  3-in.  to  6-in.  size  Liles- 
viUe  gravel  Indicated  that  it  wae  superior  to  the 

2- ln.  size  Lilesville  gravel  in  resisting  shaped 
charge  jets.  In  test  firings  into  magnetized  and 
unmagnetized  mild  steel  plates  using  du  Pont 
lot  no.  5  Jet  Tappers  and  CIT  charges,  erratic 
and  contradictory  results  were  obtained.  A  few 

3-  in.  Corulng  borusilicate  glass  balls  imbedded  In 
wood  flour  mastic  were  tested  against  du  rent 

Jet  Tappers.  It  was  concluded  that  halls  of  thin 
diameter  resisted  shaped  charges  very  well. 
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Tests  were  made  to  determine  the  effect  of  mild 
stec-1  face  plates  on  glass  targets  used  against 
shaped  charges.  The  results  indicated  that  the 
eflectiveness  of  glass,  on  a  thickness  basis,  de¬ 
creased  as  heavier  steel  face  plates  were  em¬ 
ployed.  A  graphical  procedure  was  developed  for 
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predicting  the  effectiveness  against  jet  penetration 
□f  various  combinations  of  miid  steel  and  glass. 

A  test  on  2- in.  porcelain  balls  indicated  that  these 
balls  were  superior  to  2-in.  Lilesviile  gravel  in 
stopping  a  shaped  charge.  Molded  rubber  press 
pads,  12  in.  x  12  in.  x  4  in.  and  weighing  26  lb. , 
were  tested  against  du  Pont  lot  no.  5  Jet  Tappers. 
The  results  showed  that  the  rubber  pads  were  not 
satisfactory  on  a.  thickness  basis  but  were  goad  on. 
a  weight  basis  at  stopping  shaped  charges.  Two- in. 
Lilesviile  gravei  with  water  as  a  binder  was  tested 
using  du  Pont  Jet  Tappers.  It  was  concluded  that 
the  gravel  performed  better  with  a  wood  Pour  mas¬ 
tic.  Further  studies  on  magnetized  steel  gave 
unreproducible  results  concerning  the  penetration 
of  charges.  A  meetup  of  a  section  ol  tank  armor 
containing  Lilesviile  gravel  wocu-llour  mastic 
gave  satisfactory  results  when  tested  with  Jet 
Tappers. 
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The  equations  developed  for  shaped  charge  pene¬ 
tration  through  glass  targets  were  extended  lo  in¬ 
clude  both  a  thickness  and  weight  relationship 
for  targets  containing  Lilesviile  gravel  and  glass. 
The  new  equations  fit  the  experimental  data  with 
precision,  their  constants  being  determined  from 
the  density  of  the  target  material  and  the  pene¬ 
tration  of  the  shaped  charge  in  mild  steel.  These 
expressions  apply  to  targets  that  do  not  follow 
the  residual  penetration  laws  formulated  by 
E.  M.  Pugh  and  others.  At  present,  however,  the 
equations  apply  only  to  targets  tested  at  a  single 
6ta'.doff  with  du  Pont  Jet  Tappers  and  Carnegie 
Institute  of  Technology  shaped  charges.  By  their 
use,  penetrations  in  composite  targets  of  At, 
mild  steel,  gravel,  and  glass  can  be  predicted. 
Further  tests  on  magnetized  steel  indicated  that 
shaped  charge  penetration  was  occasionally  re¬ 
tarded  though  the  results  were  erratic.  In  addition 
a  study  was  made  of  cold-selling  mastic  Tor  use 
in  gravel-type  armor. 
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Tests  indicated  that  HCR2  type  armor,  10  and 
14  in,  thick,  offered  excellent  protection  against 
3.  5-in.  shaped  charge  rockets  fired  at  a  range  of 
100  ft.  The  behavior  of  jets  penetrating  magnets 
was  not  resolved  by  photographs  of  the  oscilloscope 
traces  of  a  number  of  shots.  Obsidian,  a  glass-like 
mineral  of  speciiic  gravity  2. 344,  was  tested  and 
found  satisfactory  for  defense  against  shaped 


charges,  (hough  slightly  inferior  to  glass  In  per¬ 
formance.  Further  lests  were  made  using  cold¬ 
selling  mastic  as  the  binder  for  gravel  or  glass. 
Though  not  as  good  performance-wise  as  the  hot 
asphalt— wood  fiour  mastic,  its  convenience  in  use 
may  counteract  this. 
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Fhrther  tests  of  HCR  armor  at  Aberdeen  Proving 
Ground  indicated  thai  it  provided  satisfactory 
protection  against  shaped  charges,  AP  projectiles, 
and  HE  shells.  Si,  density  2.  35,  was  examined 
using  du  Pont  Jet  Tappers.  Plots  of  the  individual 
shots  agree  reasonably  well  with  a  curve  calculated 
for  the  residual  penetration.  In  addition,  variouo 
plastics  in  sheets  about  6-ir..  square  and  of  dif¬ 
ferent  thicknesses  were  tested  with  du  Pont  Jet 
tappers.  In  1  series  the  Jet  Tappers  were  placed 
on  their  sides,  and  a  t/16-in.  steel  plate  was 
used  to  prevent  the  jet  Rom  pertorating  the  plastic 
test  material  or  the  steel.  Observations  were  made 
to  determine  if  the  steel  plate  bulged  up,  aa  In  the 
case  ol  glass  and  Formica  FF55,  or  down,  as  in 
the  cise  of  24ST  Al,  in  an  altempt  to  determine 
the  uselulness  of  the  test  material  In  protecting 
against  shaped  charges.  It  was  concluded  that 
this  method  Is  not  reliable. 
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The  Aberdeen  Proving  Ground  data  on  the  use  of 
glass  as  tank  armor  for  defeating  3.  5-In.  shaped 
charges  (item  no.  L357)  were  studied  and  analyzed 
in  an  attempt  io  unify  tests  on  tank  armor.  By  the 
use  of  empirical  relationships  suggested  by 
earlier  Flintkole  lests,  the  calculated  values  of  the 
total  penetration,  P,  were  obtained  and  found  to 
agree  remarkably  well  with  experimental  values 
of  P.  It  was  concluded  that  a  reasonably  satis- 
lactory  method  had  been  developed  for  explaining 
the  penetration  of  3.5-in.  shaped  charge  rockets 
In  glass  targets  and  for  correlating  the  results 
with  earlier  tests  made  using  Jet  Trappers  (cone 
diameter  1. 75-in.)  and  Jet  Perforators  (cone 
diameter  0. 875  in.). 
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[ARMOR  TO  RESIST  SHAPED  CHARGES],  by 
P.  R.  Smith.  Final  rept  Julyl.  1953,  p.  609-627 
incl.  diagrs.  Confidential 

The  most  important  aspects  of  the  FHntkote  con- 


188 


SECRET 


SHAPED  CHARGES 


SUCRE! 


tract  on  armor  to  protect  tanks  against  shaped 
charges  by  static  means  were  reviewed.  From 
the  investigations  it  was  concluded  that  glass  and 
gravel  were  superior  to  3teel  on  both  a  welgnt 
and  thickness  basis,  armor  of  these  materials 
ottering  20%  less  thickness  and  50%  less  weight 
than  steel.  Estimation  ot  the  effectiveness  ot  any 
combination  of  glass  and  gravel  against  shaded 
charges,  AP  projectiles,  and  HE  shells  was  made 
by  the  use  of  correlation- methods.  In  addition,  a 
satisfactory  method  was  developed  lor  predicting 
the  total  penetration  In  armor  composed  of  any 
number  of  layers  of  different  materials,  based  on 
the  Individual  performance  ot  each  of  the  materlalo. 
Tests  were  made  on  24ST  Al,  gravel,  and  glass 
as  target  materials,  and  comparisons  were  made 
from  the  standpoint  of  residual  penetration thcnrleo. 
Other  tests  showed  that  St  and  Zr  ottered  no 
particular  advantages  as  armor,  ’while  certain 
ceramic  materials  held  promise.  A  number  o 
plastic  materials  wore  also  investigated  with  none 
giving  outstanding  protection.  Formica  FFob,  a 
fiber-glass  cloth  with  a  melamine  resin  binder, 
was  1  of  the  best  of  these;  however,  it  was  inferior 
to  glass  in  performance.  Results  obtained  in  the 
jet  firings  through  a  magnet  were  not  consistent. 
Indexes  covering  all  of  the  subjects,  tables,  and 
plates  presented  in  the  repls.  produced  under  this 
contract  are  also  included. 


[Foreign  Materiel  Branch],  Aberdeen  Proving  Ground. 
TEST  OF  RIFLE-GRENADE,  HOLLOW  CHARGE, 
JAPANESE,  by  G.  B.  Jarrett-  July  22,  1043,  2p. 
iliac,  diagr.  (BRL  Memo,  rept.)  Restricted 

The  general  characteristics  of  the  Japanese  rifle 
grenade  are  listed.  When  the  grenade  was  fired 
statically  against  a  mild  steel  billet,  the  pene¬ 
tration  depth  was  3  7/8  In.  with  0.  5-in.  diameter 
at  the  top  of  the  penetration. 


Foischungsabteilung  des  Hecreswaffenamtes  Berlin. 
MATHEMATICAL  EXAMINATIONS  REGARDING 
THE  DEPENDENCE  OF  THE  EFFECT  OF 
ENCASED  HOLLOW  CHARGES  ON  THEIR 
DETERMINANT  QUANTITIES  (Rechnerlsche  Un- 
ter  suchungen  liber  die  Abhaengigke't  der  Wlrkung 
verkleldeter  Kohlsprcngkoerper  70n  lhren 
Bestimmungscroessen),  by  W.  Tclnks.  Apr.  30, 
1943.  (Physics  of  Explosives  rept.  43/6;  Tram, 
as  rept.  no.  BIOS/Gp.2/HEC  250?.,  lv.  IncL 
diagrs.;  Inclosure  1  to  MA  London  rept.  no. 
R3054-46;  Also  trans.  as  rept.  no.  BIOS/Gp.2/HEC 
5762  ,  73p.  Inch  diagrs.;  Inclosure  1  to  MA 
London  rept.  no.  R2813-48;  And  also  trans.  as 
OTfB  rept.  no.  1404,  lv.  inci.  diagrs.). 


The  large  number  of  factors  affecting  shaped 
charge  performance  are  considered  mathematically! 
The  principal  mailers  investigated  were:  apes 
angle,  hole  volume-  standoff,  penetration  depth, 
cavity  effect,  detonation,  and  the  effect  of  rotation. 
The  validity  of  the  equations  that  were  derived  wan 
verified  experimentally.  It  is  stated  that  a  bottle 
shape  for  explosive  charges  is  the  most  "suitable" 
form. 


L10G8 

Forscbungsabteilung  des  Hcercswaffenamtes,  Berlin. 
PENETRATION  OF  HOLLOW  CHARGES  WITH 
LINERS.  RESULTS  OF  MATHEMATICAL  IN¬ 
VESTIGATIONS  INTO  THE  EFFECT  OF  HOL¬ 
LOW  CHARGE  SHAPES  (Durchschlagslcistung 
verkleldeter  Hohlsprengladungen.  Ergebnisse  der 
rechneriscben  Untersuchungen  Mber  den  Elnflusa 
der  Ladungsform),  by  W.  Trlnks.  Apr.  1,  1944, 
49p.  (Sprengstoffphysikbericht  44/10;  Tran3.  an 

rept.  no.  BIOS/Cp.  2/HFC  2594,  54p.  Incl.  illua. 
diagrs.;  Also  trans.  as  OTIB  rept.  no.  1483,  lap.) 
B  Restricted 


Forschungs  Munltlon-Kbromisslon,  Lubecli. 

ON  NEW  STUDIES  WITH  HOLLOW  CHARGES 
(LONG  RANGE)  (liber  neue  Untersuchungen 
mit  H-Ladungen  (Weltschuss)).  Nov.  11,  1944, 

2p.  (OTIB  rept.  no.  1249,  Misc.-l  -  In  German) 

Unclassified 


Experiments  with  shaped  charges  showed  that  the 
relationships  between  the  amount  and  type  of  ex¬ 
plosive,  shape,  and  liner  thickness  were  poor. 

Very  high  initial  velocities  (ranging  from  1600  to 
2000  m./sec.)  were  reached.  The  shaped  charge 
loading  was  approximately  rhe  same  as  In 
Tellerminen,  9  to  10  kg.  of  Trialin  ICO.  At  a 
standoff  of  20  m. ;  the  shells  penetrated  100  mm. 

At  50  m. ,  the  penetration  was  approximately 
80  mm.  with  a  hole  of  200  mm.  diameter.  The 
target  plates  had  a  tensile  strength  ol  90  to  120 
kg. /mm.  Composite  liners  were  used.  At 
100  m. ,  these  liners  penetrated  35  mm.  of  wood, 
at  150  m. ,  20  mm.  of  wood,  and  at  50  m.,  40  mm. 
of  wood. 


A  method  of  calculation  to  del  ermine  the  depth 
and  shape  of  a  crater  obtainable  by  means  of  a 
shaped  charge  was  used  with  a  series  of  charge 
shapes.  Topics  discussed  Include  the  effect 
on  penetration  depth  of  charge  shapes,  limitation 
of  penetration  depth  by  disintegration  of  the  Jet, 
and  consideration  of  high  explosive  energy  when 
selecting  a  charge  shape. 

L1069 

Forschur.gsanstalt  Graf  Zeppelin,  Esslingenn. 
REPORT  ON  THE  MEETING  OF  THE  STUDY 
GROUP  ON  HOLLOW  CHARGES  ON  APR.  28, 
1942  (Bericht  liber  die  Sitzung  der  Erfahrungs- 
gemelnschaft  H-Ladung  von  28.  Apr.  1942). 

Apr.  30,  1942,  2p.  (OTIB  rept.  no.  1249, 
Mlsc.-3  -  In  German)  Unclassified 

A  leciure  on  the  improvement  of  the  effect  of 
shaped  charges  is  summarized.  The  design  of  a 
quickly- responding  impact  fuze  and  rapid  com¬ 
pletion  of  detonation  are  considered. 
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LI  070 

Fcrster,  M.  von. 

EXPERIMENTS  WITH  COMPRESSED  GUN¬ 
COTTON.  Van  Nostrand's  Engineering  Magazine, 
v.  31,  Aug.  1804:  113-119.  (Trans.  from  the 
German  by  It.  J.  P.  Wieser,  US  Army) 

In  experimenting  vrith  guncotton,  it  was  lound  that 
hollowed  charges  were  more  effective  than  solid 
charges. 


Fort  Belvolr  see  Engineer  Boardj  Engineer  Research 
and  Development  Laboratories;  Engineer  School; 
Mine  Warfare  Panel;  Engineer  Center 

L107I 

Frankford  Arsenal. 

EXPERIMENTS  TO  DETERMINE  THE  BEST 
FORM  OF  BOOSTER,  by  J.  W.  Taylor.  Sept. 

16,  1919,  lip.  diners.  Unclassified 

An  investigation  was  made  to  determine  the  most 
suitable  form  of  booster  when  the  bursting  charge 
•  of  a  shell  is  in  direct  contact  with  the  booster,  and 
when  there  is  a  considerable  gap  between  the  2. 
Results  arc  given  of  fragmentation  tests  for 
various  boosters.  Photographs  are  shown  of 
representative  fragments.  A  test  was  made  with 
boosters  placed  on  an  0. 08-ln.  C  tool  steel  plate, 
and  then  exploded  to  compare  the  damage  on  the  ’ 
plate  from  deformation  and  from  erosion. 

LI  072 

Frankford  Arsenal. 

MECHANISM  OF  COL1APSE  OF  CONICAL 
HOLLOW  CHARGE  LINERS,  by  II.  P.  George. 

Oct.  1945,  9p.  lilus.  dlagrs.  (Kept  no.  R-6C7) 

Confidential 

A  metallurgical  examination  of  the  slugs  from 
M9A1  liners,  selectively  carburized,  was  made  to 
obtain  Information  on  the  mechanism  of  the  col¬ 
lapse  ol  shaped  charge  liners.  Apparently  the 
flattened  apex  of  the  M9A1  conical  liner  Is  in¬ 
verted  by  the  pressure  wave,  tie  liner  collapsing 
inwara  from  apex  to  base.  Evidently  the  material 
near  ine  inner  liner  surface  is  squeezed  out  along 
the  symmetrical  paths  of  escape  as  the  metal  meeta 
along  the  axis.  This  explains  the  formation  of  the 
high-speed,  slender  jet  which  moves  ahead  of  the 
relatively  low-speed  slug.  Heating  of  the  slug  is 
brought  about  by  the  energy  expended  In  liner 
deformation.  Microstruclural  examination  of  the 
centers  of  the  slugs  indicates  that  maximum 
temperatures  In  the  range  of  1400” F  to  240U”F 
were  reached;  at  the  surface  of  the  slugs,  where 
less  deformation  occurred,  the  temperatures 
probably  ranged  from  950“F  to  1200”  F.  Data 
comparison  with  observations  made  of  the  slug 
obtained  from  the  shaped  charge  liner  of  a  7.2-in. 
rocket  shows  that  the  larger  liners'  collapse  proc¬ 
ess  Is  similar  to  that  of  the  liners  tested.  It  is 
concluded  that  the  test  results  are  in  substantial 
agreement  with  Blrkhoff's  jet  theory. 


LI  073 

Frankford  Arsenal  (Proj.  no.  TM3-520ID). 

SPECIAL  CONES.  Quarterly  progress  rept. 

June  1-Aug.  31,  1950.  Ip.  TIP  S5O705  Secret 

Five  hundred  linerr,  are  being  manufactured  for 
shipment  to  the  National  Bureau  of  Standards. 
Improved  gaging  methods  are  being  investigated 
in  an  effort  to  insure  liner  uniformity. 

1*1074 

Frankford  Arsenal. 

RNR  REPORT  ON  120-MM.  SPIN-STABILIZED 
PROJECTILE  WITH  NONROTATING  SHAPED 
CHARGE,  by  S.  DubrofL  Aug.  1951,  lip.  Ulu3. 

Confidential 

The  historical  and  technical  background  of  the 
120-mm.  HEAT,  T230,  spin-stabilized  round  with 
nonrotating  charge  Is  presented.  For  this  pro¬ 
jectile,  a  design  was  proposed  in  which  the  inner 
member,  containing  the  shaped  charge,  is 
cradled  in  bearings  to  prevent  this  body  from 
picking  up  full  spin  on  the  firing  of  the  gun.  The 
cuter,  hcavy-wallcd  member  picks  up  full  spin, 
thus  providing  the  necessary  projectile  stability. 

It  Is  desired  to  Incorporate  the  largest  possible 
diameter  conical  Cu  liner  in  this  projectile  In 
order  to  improve  perforr.iancewlse  on  the  best 
120- min.  AP  shot.  The  design  and  development 
of  this  projectile-type  are  continuing. 


Frankford  Arsenal  see  also  Ordnance  Laboratory 


LI  075  ■ 

Gardiner,  J.  ", 

USE  OF  SHAPED  CHARGE  PROCESS  FOR  OPEN 
HOLE  SHOOTING.  World  Oil,  v.  131,  Aug. 

1950:  39-1,03. 

The  application  of  the  shaped  charge  to  open  hole 
completions  is  discussed,  and  the  appearance 
and  performance  of  the  various  types  of  gun 
equipment  used  are  described.  The  type  G  gun 
equipment,  containing  ar.  expendable  carrier.  Is 
made  of  cast  Fe  and  employs  7  charge  assemblies 
located  at  6-ln.  intervals  and  spaced  90”  angularly. 
The  charge  assembly  consists  of  a  cylindrical 
cast  Fe  container  closed  on  I  end,  a  cartridge  unit 
and  a  cast  Fe  cap.  Cast  Fe  was  chosen  as  the 
best  for  all  structural  parts  of  the  type  G  gun. 

It  was  concluded  that  the  explosives  used  in  the 
type  G  gun  were  considerably  less  dangerous  to 
handle  than  nltro,  Any  length  of  zone  could  be 
covered  with  open  hole  shaped  charge  equipment 
in  a  minimum  of  time.  With  the  type  G  gun 
equipment,  if  was  possible  in  many  cases  to 
cover  the  complete  zone  in  1  run.  Shaped  charges 
functioned  satisfactorily  at  temperatures  approxi¬ 
mately  twice  as  great  as  those  al  which  nitro  could 
be  used.  Open  hole  shaped  charge  shooting  also 
proved  useful  in  limestone  areas  which  responded 
to  acidizing. 
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’  (German  document;  original  source  ur-kr.cwaj. 

1  THE  DEPENDENCE  ON  SPIN  OF  THE  EF¬ 
FICIENCY  OF  IIL-PROJECTILES,  by  Gerche, 
n.  d.  (Trans,  as  rept.  no.  BIOS/Gp.  2/HEC  192, 
Gp.  incl.  tables,  diagrs.  missing)  Secret 


A  study  was  made  on  the  effect  or  rotation  on  the 
mean  efficiency  o!  Ho-  or  spin-stabilized  shaped 
charges  projectiles  using  existing  firlsg  data 
results. 


(German  document;  original  source  unknown]. 

EXPERIMENTS  and  developments  toward 
THE  IMPROVEMENT  OF  THE  EFFECT  OF 
HOLLOW  CHARGES  BY  MEANS  OF  NOZZLES 
(Verruche  und  Entwlcklungen  zur  Lelstungs- 
steigorung  dcr  Hohlladungen  durcb  Vorstaz  von 
Diisen).  n.  d.  [5]p.  Incl.  diagrs.  {Appendix  no.  3 
to  rept.  no.  544/42  g.  Kdos.  Wa  Priif  t  lV/2b; 
OTIB  rept.  no.  1249,  AOO-3  -  In  German) 

Unclassified 


The  concentration  of  the  shaped  charge  effect  by 
nozzles  in  front  of  the  air  space  depended  upon 
the  height  and  the  angle  of  the  nozzle.  The  height 
in  turn  was  determined  by  the  standoff  and  the 
shape  ol  the  charge.  A  graph  of  the  penetration 
plotted  as  a  function  of  the  nozzle  angle  would  snow 
maxima  at  50°  and  75°.  Performance  was  im¬ 
proved  by  7%.  The  same  effect  was  obtained  by 
using  metal  discs  fastened  lo  the  outlet  of  the  air 
space.  The  detonation  jet  burst  the  disc  open  and 
bent  It  into  the  nozzle  shape.  In  addition,  the  gas 
clouds  were  compressed  before  the  burst.  The 
application  of  nozzle  discs  resulted  in  improved 
penetration  about  10  to  lS^u  Optimum  thickness 
for  the  nozz.lc  plate  was  3. 5  ram.  for  a  7. 5-cm. 
Gr.  38  Hl/B  shell.  The  thickness  of  the  nozzle 
plate  should  be  increased  with  the  caliber. 

*  (APC  abstract) 


(German  document;  original  source  unknown^. 

(EXTRACTS  FROM  THE  ILLUSTRATED  RECORD 
OF  GERMAN  ARMY  EQUIPMENT,  1939-1045, 
VOL.  5].  n.d.  18p.  Incl.  diagrs.  Unclassified 


Descriptions  and  illustrations  are  given  ol  the 
Paiizerstabmlne  43-,  300-,  and  400- g.  hollow 
charge  S-mine,  12.  5-,  15-,  and  50-kg.  hollow  ^ 

'  demolition  charges,  3-,  3.6-,  and  4-kg.  anlltans 
magnetic  hollow  charges,  and  1.2-  and  3.2-kg. 
hollow  ring  charges. 


(German  document;  original  source  unknown]. 

5-CM.  HOLLOW  CHARGE  SHELL  FOR  AUTO¬ 
MATIC  AAA  41  AND  KWK  (5-cm.  Hohlladungs- 
granaic  fur  Flakaulomat  41  und  KWh),  by  Trinks. 
n.d.,  f2lp.  (OTIB  rept.  no.  1249,  AOO-1P  -  In 
German)  Unclassified 


A  hemispherical-shaped  space  is  suggested  with  a 
thick  wall  r.ozzlc  and  circular  Ignition.  Thin 
fihaoe  is  ciiosen  because  ol  the  standoff  introduced 
by  the  iong  shell  nose  and  because  It  Is  least 
affected  by  high  speed  and  spin.  The  circular 
Ignition  is  designed  lo  maid)  detonation  front  and 
air  space  surface.  It  Is  accomplished  by  a  concrete 
disc  embedded  in  the  blast  chr.rgo  between  detonator 
and  tip  ol  the  cone.  {APG  abstract) 


(German  document;  original  source  unknown]. 

GERMAN  AMMUNITION  DEVELOPMENT  RETORT, 
n  d  (Trans,  as  rept.  no.  BIOS/Gp.  2/HEC  10211, 
p.  21-22,  24-25,  41-42  50,  52-53,  dlagr.; 
Inclosure  1  to  MA  London  repL  no.  R4B43-45} 

Unknown 


Brief  summaries  are  given  of  the  development  d 
the.  German  shaped  charge  shell/C  with  folding 
tail  unit,  and  the  8-cm.  end  10-cm.  shaped  charge 
projectiles.  Tests  with  Panzerfausts  against 
spaced  armor  combinations  are  described  briefly. 


[German  document;  original  source  unknown]. 
[GERMAN  SHAPED  CHARGE  WEAPONS),  n.0. 
(Appendixes  3,  7,  7a,  14,  and  40  to  repi.  no. 
BIOS/Gp.  2/HEC  5103,  17p.  IncL  diagrs.) 

Unclassified 


The  purpose,  description,  directions  for  use, 
packlrg,  storage,  and  safety  regulations  arc  given 
for  the  magnetic  antitank  charge,  Panzerfanet,  30 
and  GO,  circular  shaped  charge  {10  ar.d  17  cm.), 
antitank  rocket  gun  54,  and  a  15-kg.  shapedcharge 
(demolition  charge). 


[German  document;  original  source  unknown], 

REPORT  MADE  BY  ALBRECHT  MAASS,  DIPL. 
PHYP1CS,  AT  HIS  INTERROGATION,  n.d. 
(Trans,  as  rept.  no.  BIOS/Gp.  2/HEC  527,  12p. 
incL  diagr.)  Unclassified 


The  bri,.!  pait  of  this  repi.  dealing  with  shaped 
charges  describes  a  late  German  development, 
the  "encased'’  charge.  Tiie  charge  was  sheathed 
with  a  light  alloy  which  vaporized  on  detonation 
and  greatly  increased  the  efficiency  of  the  cliarge. 
The  flame  jet  is  reported  to  have  a  temperature 
range  of  4000°-500D°C,  and  to  travel  at  a  speed  o! 
5, 009  m.  /sec.  It  was  suggested  that  tills  principle 
be  employed  to  explode  enemy  bombs  before  they 
reach  their  target. 
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[German  document;  original  source  unknown). 

REVIEW  OF  INVESTIGATIONS  OF  VARIOUS 
SHAPES  OF  HOLLOW  CHARGES  AND  THICK¬ 
NESSES  OF  DIE-CAST  ZINC  LINERS  (Zusam- 
menfassender  Pcrlcht  liber  Untcrsuchungen 
verschicdcner  dohlraumformen  und  verslehieden 
starker  Verkleidungen  aus  Z inkspr  iizguss) ,  n.4. 
[20]p.  IncL  djagrs.  (Appendixes  to  rept. 
nc.  554/ 4Z,  g.  Kdos.  Wa.  Poll  t  LV/2b;  OTIB 
rept.  no.  1249,  AOO-4  -  In  German)  Unclassified 

The  hemispherical,  bell,  and  core-shaped  hollow 
charges  were  compared.  The  cone  was  found  to 
cause  penetration  25%,  the  bell  15%,  deeper  than 
the  hemispherical.  The  gain  in  depth  was  compared 
with  a  loss  In  cross  section.  Zn  was  found  to  be 
as  effective  as  steel  for  liner  material.  It  has 
the  advantage  ol  not  tending  to  form  plugs  and 
perhaps  of  causing  fatal  Zn  vapor  In  the  Interior 
of  a  tank.-  The  best  form  for  a  liner  is  1  with 
parallel  interior  and  exterior  curved  surfaces. 

The  best  thickness  of  the  liner  depends  upon  the 
metal  used.  (APG  abstract) 


L10B4 

[German  document;  original  source  unknown]. 
THREE-KILO  ADHESIVE  HOLLOW  CHARGE 
HALF- ID-3.  I-1EMORANDUM  ON  USE  AND 
MANIPULATION,  n.d.  3p.  incl.  Ulus.  (RTP/TIB 
trans.  no.  2374  Issued  by  the  Ministry  of  Aircraft 
Production)  (Reference  obtained  from  Technical 
Intelligence  Bureau,  Ministry  of  Supply  list  of 
translations,  1935-1945,  p.  291)  Unclassified 

A  detailed  description  of  this  chaped  charge  and 
instructions  for  operation  are  reported.  The 
cavity  Is  lined  with  sheet  Fe.  Three  magnets 
on  a  plastic  base  plale  are  provided  for  attachment 
of  the  charge  to  a  tank  or  blier  metal  target.  Three 
prongs  can  be  fitted  ove-  the  magnets  for  use 
against  wood. 


L1085 

[German  document;  original  source  unknown). 

VIEWS  ON. . .  INVESTIGATION  ON  THE  EFFECT 
OF  HOLLOW  CHARGES  MADE  CF  SUBSTITUTE 
EXPLOSIVES,  n.d.  (Trans,  as  rept.  no. 
DIOS/Gp.  2/HEC  2506,  7p.  tables,  dlagrs.) 

Secret 

In  a  Carman  Explosive -Physics  rept.  no.  43/8  by 
MOUer  and  Wolk  (item  no.  L1476),  It  was  pointed 
out  that  explosives  were  found  that  could  be  sub¬ 
stituted  for  TNT,  hexogen,  and  PETN.  Nipolit 
was  mentioned,  and  tests  were  made  with  It  by 
Reinsdorf,  giving  best  results  in  the  case  of  solid 
armor  plate  ol  300  mm.  thickness.  Tabular  re¬ 
sults  are  shown  lor  various  explosives  tested  In 
conical  charges. 


L10BB 

[German  document;  original  source  unknown). 
SUMMARY  REPORT  ON  THE  DEVELOPMENT 
AND  APPLICATION  OF  HOLLOW  CHARGE 
PROJECTILES  (Zusammenfassende  Darstellung 
tier  Entwlcklung  und  Vcrwendung  von  Hohll3dungen 
in  Geschossen).  Oct.  28,  1941,  [9]p.  incL  diagTS. 
(Nr.  1787/41  g.  K.  Wa  Priif  4  OTIB  rept.  no.  1249, 
AOO-  5  -  Tir  German)  Unclassified 

A  list  oT  references,  covering  the  years  1083  to 
1935,  Is  given  on  the  development  of  (he  shaped 
charge  principle.  Brief  summaries  are  givefi 
of  3  publications  In  the  above  list  including: 

M.  von  Fo'rester’s  "Test  with  Compressed  Gun¬ 
cotton"  ("Vcrsuche  mlt  comprhnierier  Schlese- 
baumwolle");  A.  Stettbacher’s  "Blast  and  Ex¬ 
plosive"  ("Schless-und  Sprengstoff"),  and  a  patent 
Diagrams  show  various  ways  of  Initiating  charges. 

A  summary  is  given  of  a  rev  t.  (title  not  given)  on 
:he  developmental  experiment  of  Thomanek  using 
TG  70  type  34.  The  front  armor  was  dented  about 
10  mm. .  and  the  back  plate  was  cracked  and 
partially  splintered.  The  experiments  with  TG  70 
in  its  present  form  were  unsuccessful  against 
30-mm.  thick  plate  having  a  tensile  strength  of 
120  kg. 


L1037 

[German  document;  original  source  unknown). 

DEVELOPMENT  OF  HOLLOW  CHARGES.  1942. 
(Trans,  as  OTIB  rept.  no.  1468,  2p.) 

Restricted 

A  brief  survey  of  shaped  charge  development  in 
Germany  Is  listed  covering  Ihe  years  1883-1940. 
The  significant  results  are  mentioned. 


L1089 

[German  document;  original  source  unknown). 
MISZNAY  (EC HARDIN)  EFFECT.  1944,  7p. 
incl.  diagrs.  (Memorandum  from  Dr.  Osenberg’s 
file;  Trans,  as  OTIB  rept.  no.  1984,  classified 
"Restricted",  4p.;  Also  transmitted  by  ALSOS 
Mission,  USFET,  Bel:  GHW/297,  2p.) 

Confidential 

Experiments  on  and  plans  for  weapons  utilizing 
the  Misznay  effect  -  1.  e. ,  employing  the  detona¬ 
tion  Iron  a  shaped  charge  to  accelerate  a  solid 
object  -  are  reported.  An  infantry  weapon  (known 
as  "cannon  without  tube")  for  use  against  armor 
is  described:  discs  having  a  weight  ratio  oi  3:4  to 
the  charge  are  stated  to  have  an  initial  velocity 
of  about  8,  ODD  ft. /sec.  and  an  angle  of  scattering 
of  10  ft.  of  arc  at  a  distance  of  400  ft;  The  same 
weapon,  with  a  segmented  disc,  was  proposed  to 
produce  shrapnel.  A  rocket  warhead  for  anti-' 
aircraft  use  was  also  developed  on  this  principle. 
The  covering  letter  from  the  ALSOS  Mission 
summarizes  the  history  of  the  Misznay  effect;  2 
detailed  Illustrations  are  reproduced. 


SECRET 


192 


SHAPED  CHARGES 


SECRET 


L1089 

[German  document;  original  source  unknown]. 
PENETRATION  OF  CERTAIN  [GERMAN]  AT 
WEAPONS.  [1944?];  Up.  (Trans,  as  OTIB  rept. 
no.  856)  (Covering  letter  from  office  of  the  Chief 
ol  Ordnance,  War  Dept. )  Unclassified 

Penetration  data  are  given  for  German  rifTe^ 
grenades,  5-cm.  antitank. guns  (Pak  38),  I.a-cm. 
Gr.  38  HL/A  antitank  guns,  7.  n-cm.  light  infantry 
howitzer,  10-cm.  field  howitzer,  15-cm..  heavy 
self-propelled  howitzer,  15-cm.  heavy  field 
howllzer,  and  magnetic  antitank  shaped  charges. 


L1090 

[German  document;  original  source  unknown]. 

ON  THE  SUBJECT  OF  HOLLOW  CHARGE  EF¬ 
FECTS  AND  EXPERIMENTAL  RESULTS  RE¬ 
SULTING  FROM  EXPERIMENTS  CARRIED  OUT 
WITH  EXPLOSIONS  HAVING  HIGH  SCATTERING 
POWER,  byG.  0.  Erb.  [Feb.  1944].  (Trans¬ 
as  rept.  no.  BIOS/Gp.  2/llEC  323,  29p.  incl. 
diagrs.)  Secret 

The  initiation  of  shaped  charge  shells  was  Investi¬ 
gated,  and  the  author  states  that,  by  an  added  cap 
construction  [standoff]  of  10  cm. ,  he  obtained  the 
same  penetration  results  with  high  velocity  pro¬ 
jectiles  as  with  stationary  demolitions.  Testswerc 
made  on  the  initiation  at  various  points  on  the 
surlace  of  the  charge  simultaneously  with  Initiation 
at  the  end,  and  improvement  in  penetration  depth 
is  reported.  The  electrical  phenomena  that  ac¬ 
company  HE  shaped  charge  detonations  were  in¬ 
vestigated,  and  evidences  from  Geiger  tubes  of 
radiation  were  noted  to  such  aa  extent  It  was  con¬ 
cluded  that  detonating  HE  shaped  charges  rcay  serve 
successfully  as  firing  elements  for  atom  transfor¬ 
mation. 


L1091 

[German  document;  original  source  unknown]. 

Vo  =  2000  M.  PER  SECOND  WITHOUT  USING  A 
GUN  BARREL  (Vo=2000  m./selc.  ohne  Verwen- 
dung  eines  Rchre.'),  by  W.  Badstein  and  W.  Osen- 
berg.  Oct.  28,  1944,  14p.  Incl.  illus.  diagrs. 
(Inclosure  1  to  MA  Paris  rept.  no.  RS94-47) 
(Trans,  as  rept.  no.  BIOS/Gp.  2/HEC  11523,  l4p. 
incl.  illus.  diagrs.;  Inclosure  1  to  MA  London 
rept.  no.  R2831-47)  Secret 

Employment  of  the  Mlsznay-Se hardin  effect  to 
accelerate  a  disc  at  a  velocity  of  6400  ft. /sec. 
without  a  gun  barrel  or  projector  Is  reported. 
Results  of  tests  against  tank  targets  and  as  an 
antipersonnel  weapon  (shrapnel)  are  described. 
Diagrams  of  the  proposed  application  of  this 
principle  in  antiaircraft  rocket  warheads  are 
included. 


L1092 

{German  document;  original  source  unknown]. 

CALCULATIONS  RELATIVE  TO  THE  WEAPONS 
OR  WARHEADS  DEVELOPED  FROM  THE 
SC  HARDIN  EFFECT,  by  W.  Badstein  andW.  Osen- 
berg.  Dec.  1,  1944.  (Trans,  as  rept.  no. 
BIGS/Gp.  2/HEC  11522,  30p.  Inch  illus.  diagrs.; 
fnclcscre  I  to  MA  London  rept.  no.  112875-47) 

Secret 

Theoretiral  studies  and  tests  of  weapons  employing 
the  Misznay-Schardin  effect  are  reported  and 
photographs  reproduced.  The  rocket  warheads  for 
antiaircraft  use  are  said  to  give  an  additional 
forward  acceleration  to  shrapnel  of  63e0  ft. /sec. 
The  data  given  for  a  small  and  a  large  trench  mine 
include  range,  dispersion,  and  velocity  of  the 
shrapneL 


L1093 

[German  document;  original  source  unknown]. 

ON  THE  DEVELOPMENT  OF  ARMOR-PIERCING 
AMMUNITION  AND  ITS  CORRESPONDING 
ELECTRIC  FUZES,  by  G.  O.  Erb.  May  1945. 
(Trans,  as  rept.  no.  BIOS/Gp.  2/KEC  182,  Part 
HI,  14p.  incl.  diagrs.)  Confidential 

Mechanical  fuzes  showed  ignition  lags  be.ow  ID'S 
sec.'  i*  shaped  charges  are  to  be  used  in  a  moving 
projectile,  "the  Ignition  delays  should  r.ci  be  longer 
than  10-9  sec,  for  speeds  exceeding  500  m./s’ec. 
Short-time  igniters  are  described;  test  results 
showed  ignition  times  of  at  least  10  sec.  with 
working  voltages  of  1.  5  to  2  volt.,.  The  "thermal- 
element",  discovered  by  Erb,  Is  described  and  is 
the  source  of  energy  for  the  shcit-tlme  Igniter. 

A  rocket  projecille  (the  Panzerschreck)  Is  discussed 
which  employs  this  short-time  Igniter. 


L10M 

Globe  American  Corporation,  Kokomo  (DA33-0DS- 
ORD-391). 

DESIGN  AND  DEVELOPMENT  OF  T57E1  HEAT, 
FRAGMENTATION  BOMB,  USING  T43  ADAPTER, 
(T35  CLUSTER)  AS  A  TEST  VEHICLE,  by 
W.  F.  Hagman.  Final  summary  rept.  Jan.  1953, 
9Cp.  Illus.  Confidential 

The  T57E1  HEAT,  fin- stabilized  fragmentation 
bomb,  equipped  with  a  piezoelectric  fuze.  Is 
designed  for  use  in  the  T35  bomb  cluster.  It  con¬ 
tains  a  shaped  charge  similar  to  the  3. 5->r-  rocket 
and  has  a  conical  Cu  liner  and  an  explosive  charge 
of  Comp.  B.  Data  indicated  a  minimum  of  9.3  la. 
and  an  average  penetration  ol  10.  B  in.  In  homo¬ 
geneous  armor  plate.  When  fitted  with  .093-la. 
fragmentation  wire,  the  T57E1  produced  an 
average  of  4300  fragments  of  which  46i  are 
lethal  at  a  range  of  20-40  ft.  Twenty-four  such 
bombs,  when  packed  in  a  T48  adapter,  make  up 
ihe  T35  cluster  for  employment  against  tanks  and 
personae). 
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Cray,  J.  C.  and  ethers 

PROJECTILE.  United  States  patent  no.  2, 426,  997, 
Sept.  9,  1947. 

A  coned  or  recessed  face  is  employed  to  facilitate 
fabrication  of  a  projectile  and  to  insure  Its  effective 
functioning.  This  is  accomplished  by  using  n. 
blasting  cap  type  of  capsule  and  a  nlfroglyccrin- 
absorbent  base  fuse. 


L1096 

Gulf  Research  and  Development  Co.  [OEMsr-953] 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  SL  Muslin t.  (Jn  NDRC  Div.  0 
Interim  rept-  cn  Controlled  Fragmentation  and 
S^ped  Charges.  May  15-June  15,  1943,  p.  35-45; 
fiepi.  no.  CF-10)  Conftdenttnl 

This  investigation  was  made  to  determine  the 
conditions  under  which  a  metal  pellet  (subsidiary 
projectile)  inclosed  within  (embedded)  or  trailing 
behind  a  shaped  charge  can  pass  through  a  hole 
made  in  the  target  by  this  charge.  The  charges 
were  50/50  Per.tolite,  1  5/8  in.  diameter,  4  In. 
long;  the  liners  were  steel  (conical);  and  the 
target  was  mi’.d  steel  plates.  A  compilation  of 
the  experimental  results  Is  included. 

L1097 

Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  On  NDRC  Div.  8  In¬ 
terim  rept.  or.  Controlled  Fragmentation  and 
Shaped  Charges,  June  !5-July  15,  1943,  p.  27-39; 
RepL  no.  CF-11)  Confidential 

The  investigation  was  to  determine  the  conditions 
under  which  a  metal  pellet  enclosed  within  cr  (ratl¬ 
ing  behind  a  shaped  charge  (fired  statically)  can 
pass  through  a  hole  made  In  a  1020  mild  steel  tar¬ 
get  by  this  charge.  Test  results  are  tabulated  for 
the  following  determinations:  (i)  material  (steel,  Al, 
glass,  sand)  and  dimensions  (45“-180°  apex  angles, 
varying  diameter  and  standoff)  of  liner  which  would 
produce  a  hole  for  passing  the  maximum  size  pallet; 
(2)  the  probability  of  penetration  of  the  target  (2-In. 
mild  steel)  by  an  attached  pellet;  and  (3)  necessary 
separation  of  pellet  to  prevent  sympathetic  detona¬ 
tion  of  HE  filling.  Photographs  of  sections  of  the 
slug  farmed  from  a  brass  and  steel  liner  are 
included. 

L1098 

Gulf  Research  and  Development  Co.  [OEMsr-959], 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (ln_  NDRC  Div.  8 
Interim  repi.  on  Controlled  Fragmentation  and 
Shaped  Charges,  July  15-Aug.  15,  1943,  p.  45-52; 
Rept.  no.  CF-12)  Confidential 

The  conditions  under  which  a  metal  pellet  en¬ 
closed  within  or  trailing  behind  a  shaped  charge 


can  pass  through  a  hole  made  in  a  target  by  the 
shaped  charge  were  determined.  Results  of  the 
following  Investigations  arc  tabulated:  (1)  survey 
<>f  hole  sizes  made  by  60°  g!ass  liners  of  varying 
thicknesses;  (2)  survey  of  hole  sizes  produced  by  ^ 
reducing  <he  base  diameter  of  the  line*-  (steel,  OO0, 
L/36  in.  thick);  (3)  firing  of  shots  with  pellets  of 
"ariuus  shapes  integrally  attached  al  the  liner 
(steel,  80°)  apex;  and  (4)  survey  of  hole  sizes 
produced  by  liners  (steel,  80°)  having  tapered  wall 
thicknesses. 


L1099 

Culf  Research  and  Deveionmenl  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  fl 
Interim  rept.  on  Shaped  Charges,  Aug.  15- 
Sept.  15,  1943,  p.  42-58;  Rept.  no.  SC-1) 

Confidential 

Experiments  were  conducted  to  determine  con¬ 
ditions  under  which  a  metal  pellet  enclosed 
within  or  trailing  behind  a  shaped  charge  (cast 
53/50  rcntoltte,  4  In.  long,  1  5/8-In.  diameter, 
80°  Al  liner)  can  pass  through  a  hole  made  in  a 
2-in.  mild  steel  target.  Factors  studied  in  this 
investigation  were:  retarding  of  pellet  by  HE 
charge,  design  of  iollow-through  shell;  inclusion 
of  steel  axial  rod;  modification  of  liner  apex; 
casing  (steel)  of  HE  charge;  and  modified 
(composite,  segmented)  liners.  Results  of  tests 
involving  these  factors  are  tabulated. 


L1100 

Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Sept.  15-Oct. 

15,  1343,  p.  41-45;  Rept.  no.  SC-2)  Conlidential 

Investigation  was  mainly  directed  toward  develop¬ 
ment  of  a  successful  firing  mechanism  for  the 
preliminary  follow-through  shell  designs.  Methods 
tried  were:  pellets  (uniform,  segmented  and 
embedded),  Pb-wrapped  Primacord,  small  In¬ 
verted  shaped  charges  in  the  nose  of  the  shell, 
and  a  firing  pin  placed  diagonally  Inside  liner. 


LI  101 

Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Oct.  15-Nov. 

15,  1943,  p.  59-69;  Rept.  no.  EC-3) 

Confidential 

Experiments  were  conducted  with  the  follow- 
through  shell  design  involving  the  use  of  a 
diagonally  placed  sleet  rod  to  facilitate  detonation 
of  the  shaped  charge.  Discussions  are  presented 
of  the  penetration  probability  of  long  and  short 
pellets;  fuse  requirements  of  the  projectile;  and 
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various  propagation  speeds  with  respect  to  fusing 
by  the  following  means:  optical  (radiation), 
electricat  (impulse),  acoustical  (sound),  chemical 
(high  explosives),  and  ballistic  (jets). 


Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Dlv.  0  In¬ 
terim  rept.  on  Shaped  Cha  rges,  Part  B,  Nov.  15- 
Dcc.  15,  1943,  p.  52-61;  Rept.  no.  SC-4) 

Confidential 

Six  follow-through  shells  having  diagonally  placed 
steel  rods  and  pellets  of  varying  size  were  fired 
against  2-in.  mild  steel  targets.  Four  tests 
were  made  to  determine  the  effect  of  transmitting 
.  the  detonation  wave  from  a  detonatorln  front  of 
the  shaped  charge  to  the  base  of  the  charge  (00“ 

A1  or  steel  liners)  by  means  ol  a  length  ol  Prlma- 
cord  shielded  by  a  steei  tube.  Data  pertaining  to 
these  tests  are  tabulated. 


Calf  Research  and  Development  Co.  [OEMsr-953]. 
DEVELOPMENT. OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8  In¬ 
terim  rept.  on  Shaped  Charges,  Dec.  15,  1943- 
Jan.  15,  1944,  p.  27-36;  Rept.  no.  SC-5) 

Confidential 

Data  obtained  from  hole  diameters  produced  by 
cased  steet  lined  (80°)  small  scale  charges  fired 
against  2- In.  armor  plate  are  revised.  The 
time  Lag  due  to  use  of  steel  reds  as  firing  pins  to 
actuate  detonators  was  established  for  rods  of 
various  lengths  and  gaps  between  detonator  and 
rod.  A  study  of  the  possibility  of  detoi^tlng  a 
follow-through  shell  by  means  of  a  length  of 
Prlmacord  from  the  noea  of  the  HE  was  continued. 
The  probability  of  Huccessfully  penetrating  2- In. 
armor  plate  with  a  follow-through  projectile, 
which  incorporated  a  diagonally  placed  steel  rod 
for  striking  the  detonator  enclosed  In  the  rear  of 
the  HE,  was  established  at  70%.  Test  results  are 
tabulated. 


Gulf  Research  and  Development  Co.  [OEMsr-955]. 
DEVELOPMENT  OF  FOLLOW-THROUC1I  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8 
Interim  rept.  on  Shaped  Charges,  Jan.  15- Feb. 
15,  1944,  p.  26-39;  Rept.  no.  SC-6) 

Confidential 


Gulf  Research  ar.d  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8  In¬ 
terim  rept.  on  Shaped  Charges,  Feb.  15-Mar.  15, 
1944.  p.  35-41;  Rept.  no.  SC-7)  Conlidential 

The  following  possibilities  were  investigated  In  an 
attempt  to  develop  a  satisfactory  method  of 
initiating  a  shaped  charge  follow-through  projec¬ 
tile:  axially  placed  nose  fuzes;  reduction  ut  Lhe 
charge  length;  and  increased  diameter  of  lhe  charge. 
Penetration  test  resulis  for  charges  utilizing  the 
above  possibilities  are  given. 


Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat  (In  NDRC  Dlv.  0  Ln- 
terlm  rept.  on  Shaped  Charges,  Mar,  13-Aor. 

15,  1944,  p.  29-31;  Rept.  no.  SC-3)  Conlidential 

Work  was  directed  toward  simplifying  low  velocity 
follow-through  shaped  charge  shell  designs  to 
develop  a  shell  easily  adapted  to  methods  ol  mass 
production.  Descriptions,  schematic  diagrams, 
and  test  results  lor  4  possible  revisions  are 
presented. 


Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Dlv.  8  In¬ 
terim  rept.  on  Shaped  Charges,  Apr.  15-May  15, 
1944,  p.  24-30;  Rept.  no.  SC-9)  Confidential 

A  conference  and  work,  including  tests,  on  a  eheU 
to  defeat  4-ln.  armor  are  reported 


Gulf  Research  and  Development  Cc.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat  (In  NDRC  Div.  G  In¬ 
terim  r«pt.  on  Shaped  Charges,  May  15-June  15, 
1944,  p.  31-37;  Rept.  no.  SC-10)  Confidential 

A  follow-through  shell  with  3  long  rods  as  firing 
pins  spaced  at  12QC  intervals  around  the  periphery 
of  (hr  charge  and  3  detonators  correspondingly 
located  at  the  base  ol  the  charge,  and  connected  to 
the  charge  with  Primacord,  was  tested  against 
4-ln.  armor  plate  at  incident  angles  from  0°  to  40° 
In  determine  the  minimum  standoff  and  charge 
length  which  could  be  used  in  shell  design. 


Results  are  tabulated  for  the  following  experi¬ 
ments:  (1)  use  of  M20  detonators  to  initiate  Mlfl 
detonators;  (2)  determination  of  hole  diameter 
from  charges  containing  20°  liners  (steel,  Al); 

(3)  use  of  Primacord  In  an  axial  tube;  and  (4)  elfect 
of  rod  Initiation  on  follow-through  shells. 


Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOL1  OW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8  In¬ 
terim  rept.  on  Shaped  Charges,  June  15- July  15, 
1044,  p.  41-45;  Rept.  no.  SC-11)  Conlidential 
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Shots  were  made  with  shells  containing  nose  fazes, 
inertia  fuzes,  and  tubular  guide.  The  casing  wall 
thickness  was  Investigated  os  a  possibility  of 
reducing  the  shell  weight. 

Lino 

Gulf  Research  and  UevelnpmcntCo.  [OEMsr-959], 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  tin  NDRC  Dir.  8  frr- 
terira  rept.  on  Shaped  Charges,  July  15-Aug.  15, 
1944,  p.  55-58;  Rept.  no.  SC-12)  Confidential 

Tests  are  reported  on  the  determination  of  the 
optimum  separation  between  the  projectile  and  the 
forward  charge  at  the  time  of  initiation. 


Lilli 

Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (in  NDRC  Dlv.  3  In¬ 
terim  rept.  on  Shaped  Charges,  Aug.  15-Sept.  15, 
1944,  p,  26-29;  Kept.  SC- 13)  Confidential 

Twenty-one  shells  were  fired  using  point-detenating 
fuzes.  Seventeen  functioned  properly.  Three  inert 
roilow-through  shells  were  (ired  with  tubular  tail 
fin  and  were  observed  to  yaw;  9  fitted  with  folding 
fins  were  stable.  Several  live  shells  similar  to  the 
inert  shells  were  fired  from  a  mortar;  the  follow- 
through  pellet  generally  jailed  to  enter  the  hole. 

Five  shells  were  fired  with  the  follow-through 
pellet  guided  by  a  tube  extending  to  the  base  of  the 
HE.  Three  shots  were  made  using  rod-type  fusing 
design  to  determine  the  effect  of  300  ft.  /sec.  strik¬ 
ing  speed  on  penetration.  Design  data  and  firing 
conditions  fer  the  above  tests  arc  given. 


L1112 

Gulf  Research  and  Development  Co.  [OEMsr-959]. 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  6  In¬ 
terim  rept.  on  Shaped  Charges,  Sept.  15-Oct.  15, 
1944,  p.  16-19;  Rept.  no.  SC-14)  Confidential 

Pending  production  of  suitable  follow-through 
shells  from  available  data,  100  unproved  shells 
were  fired  against  4-!n.  armor  plate.  Results 
are  discussed. 


LI  1 13 

Gulf  Research  and  Development  Co.  [OEMsr-959], 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8  In¬ 
terim  rept.  on  Shaped  Charges.  Nov.  15-Dec.  15, 
1944,  p.  23-27;  Rept.  no.  SC-lb)  Confidential 

Firing  trials  of  Inert  and  live  follow-through  pro¬ 
jectiles  are  described.  A  diagram  of  the  type  of 
projpetile  used  is  included. 


L1114 

Gulf  Research  and  Development  Co.  (OEMsr-959). 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  submitted  by  M.  Muskat.  (In  NDRC 
Div.  8  Interim  rept.  on  Shaped  Charges^  F«b  15- 
Mar.  15,  1945,  p.  27-30;  Rept.  no.  SC-19) 

Confidential 

rhvesfigathms  were  undertaken  to  determine  and 
eliminate  poor  holes  made  by  the  point-detonating 
raze. 

L1115 

Gulf  Research  and  Development  Co.  (OEMsr-959), 
DEVELOPMENT  OF  FOLLOW-THROUGH  PRO¬ 
JECTILE,  by  M.  Muskat.  (In  NDRC  Div.  8  In¬ 
terim  rept.  on  Shaped  Charges,  July  15-Aug.  15, 
1945,  p.  9-13;  Rept.  no,  SC-24)  Confidential 

Final  tests  are  reported  on  firing  of  10.7-lb  follow- 
through  rocket  rounds  shipped  from  the  Cull 
Laboratory. 

L111S 

Gulf  Research  and  Development  Co.  (OEMsr-939). 
DEVELOPMENT  OF  A  SHAPED  CHARGE 
FOLLOW-THROUGH  WEAPON,  by  M.  Muskat 
Final  rept.  Nov.  20,  1945,  lOp.  dl.agre.  VNDRC 
Div.  8)  OSHD  6227  Confidential 

The  results  of  an  investigation  into  the  possibilities 
of  improving  the  effectiveness  of  shaped  charge 
projectiles  by  incorporating  a  follow-through 
missile  in  the  weapon  are  presented  in  condensed 
form.  References  are  given  to  Div.  8  inierim 
repis.  in  which  results  are  given  in  more  detafL 
The  objective  of  the  final  phase  of  this  work  was  to 
produce  a  shaped  charge  follow-through  rocket 
capable  of  defeating  4-in.  armor  plate.  Thirty- 
two  shots  utilizing  the  final  design  of  the  above 
weapon  were  fired  al  100-yd.  range.  Test  results 
and  final  design  data  are  Included. 


L1117 

HQ  Weapons  Technical  Staff,  Field  Forces  (Med. 
Area),  CM,'  (Gt.  Brit.). 

PERFORMANCE  OF  PANZERFAUST  (FAUST- 
PATRONE  2)  AGAINST  CHURCHILL  AND 
SHERMAN  TANKS  FITTED  WITH  SKIRTING 
PLATE.  June  26,  1944,  8p.  inci.  diagr.  fTrial 
rept.  no.  SA/35/44)  CorNdential 

Churchill  and  Shermar.  tanks  fitted  with  5-ram. 
mild  steel  skirting  plates  were  defeated  at  normal, 
25  ,  and  SO1"  by  the  Panzerfaust.  It  was  concluded 
that  skirting  plates  ci  a  weight  which  would  not  be 
too  great  to  use  on  tanks,  spaced  at  a  maximum 
distance  from  the  hull  permitted  by  the  width  of 
Bailey  and  olher  bridges,  would  not  prevent  per¬ 
foration  of  the  main  armor  of  the  tanks  bv  the 
Panzerfaust  at  angles  at  which  detonation  of  the 
bomb  was  achieved.  The  German  claim  that  the 
weapon  would  perforate  200  mm.  of  single  armor 
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plate  appeared  to  be  correct.  Another  rept.  Is 
included  on  [u  ether  trials  against  Churchill  and 
Sherman  tanks.  To  counteract  this  weapon  testo 
were  made  with:  (1)  sandbags  between  spaced 
plates  and  the  turret;  (2)  spare  Sherman  tracks 
draped  around  the  turret  of  the  Churchill  tank; 

(3)  cans  tilled  with  water  in  close  contact  with 
the  turret,  '{4)  3  thicknesses  of  blanket  suspended 
IB  in.  from  the  hull  and  heavily  weighted  at  the 
bottom;  and  (5)  plate  at  45°  to  the  line  of  fire 
to  ascertain  whether  the  large  proportion  o? 
blinds  were  likely  to  occur  at  angles  of  25°-30° 

Line 

UQ  Weapons  Technical  Stall.  Field  Forces  (Med. 
Area),  CMF  (Gt.  Brif.J. 

JOINT  REPORT  BY  Ar'V(T)  AND  WTflFF  ON 
FURTHER  TRIALS  WITH  PANZERFAUST 
(t-AUSTPATRCNE  2).  Aug.  26,  1944,  4p. 
(WTSFF/1 105/ATK/2)  Confidential 

Tests  were  carried  out  with  Panzerfausts  against 
Churchill  and  Sherman  tanks  with  5-mm.  skirting 
plates  Inclined  at  various  angles  to  the  vertical. 
Results  indicated  that  the  Panzerfaust  could  be 
relied  upon  to  function  at  incident  angles  up  to 
approximately  73°,  the  maximum  angle  tried. 


Lins 

HQ  Weapons  Technical  Staff,  Field  Forces  {Mtd. 
Area),  CMF  (Gt.  Brit.). 

PANZERFAUST  V.  [VS.1  CHURCHILL  AND 
SHERMAN  TANKS,  by  R.  E.  V7.  Johnson. 

Oct.  28,  1944,  7p.  (Trial  rept.  no.  SA/35A/44; 
WTSFF/1 105/ATK/2)  Confidential 

Trials  were  made  on  the  protection  of  tanks  from 
Panzerfausts  by  placing  a  wire  screen  netting 
across  the  slues  of  (he  tank.  The  first  testa 
showed  that  the  wire  netting  must  be  both  taut  and 
strong.  It  was  concluded  that  screens  made  up 
from  a  double  thickness  of  Sommerfield  Track 
had  possibilities  of  defeating  the  PanzerfausL  The 
results  of  the  trials  are  tabulated. 


L1120 

Hesse-Eastern  Corporation  (DAI-19-Q20-501-ORD- 
(P)-24). 

DESIGN  AND  DEVELOPMENT  OF  ROCKET, 

HEAT,  3.5  IN.  T230  AND  PRACTICE  T-,  by 
H.  W.  AschaffcnbUrg.  Progress  rept.  no.  17-1153. 
Nov.  1953,  9p.  lllus.  tables,  dlagrs. 

Confidential 

Test  rounds  of  the  3.5-in.  HEAT  Rocket,  T230, 
were  fired  at  +120“  and  -20°F.  Results  of  tha 
tests  Indicated  that  the  effect  of  blast  and  particle 
discharge  upon  launching  personnel  at  elevated 
temperatures  must  be  determined,  and  the  ac¬ 
curacy  and  velocity  of  the  round  improved  at  lor? 
temperatures  by  eliminating  or  reducing  the  pro¬ 
pellant  breakup  near  burnout. 


L1121 

THE  "HOLLOW  CHARGE":  A  DEADLY  EH  PLO¬ 
SIVES  PRINCIPLE  WHICH  USES  BLAST  TO  • 
BORE  A  HOLE  THROUGH  SOLID  ARMOR. 

The  Illustrated  London  News,  v.  205,  Nov.  25, 
1944:  604-605. 

Explanatory  drawings  show  how  the  shaped  charge 
principle  controls  the  direction  of  the  blast, 
concentrating  it  at  the  most  effective  paini. 

(A  translation  of  this  article  Into  German  appears 
as  part  of  Item  no.  LIG'JC.) 

L1122 

Hbpidns,  N.  M. 

BATTLESHIP  WRECKING  BOMB;  AN  ILLUS+ 
TRATED  MONOGRAPH....  £1940],  26p.  tncL 
lllus.  dlagrs.  Unclassified 

The  use  of  shaped  charge  bombs  (similar  to  the 
CS  bomb)  agaiast  battleships  is  proposed.  After 
reviewing  the  work  of  Munroe  and  Egon  Neumann 
and  commenting  on  shaped  charges  at  oblique 
angles  of  attack,  tt  is  argued  that  such  bombs 
should  be  effective  because  ol  the:  lighter  casing 
required;  heavier  load  ol  explosives  permitted;  and 
greater  penetration  achieved  by  the  charge.  Dia¬ 
grams  are  presented  of  the  proposed  bomb, 

L1123 

Huttl,  J.  B.  • 

SHAPED  CHAHGES  FOR  CHEAPER  MINE  , 
BLASTING.  Engineering  and  Mining  Journal, 
v.  147,  May  1946:  50-63. 

Results  of  tests  using  shaped  charges  tn  under¬ 
ground  blasting  arc  presented.  Secondary  break¬ 
age,  cavity  shape  and  size,  effect  of  standoff, 
and  explosive  content  of  charge  were  studied. 
Three  tables  containing  results  are  given. 

L1124 

Hymans,  J.  C.  S. 

THE  MUNROE  JET.  In  Guns,  Shells  and  Rock¬ 
ets:  A  simple  guide  to  ballistics.  Aldershot 
[Eng.],  Hants,  Gale,  and  Polden  Ltd. ,  1950, 
p.  71-72. 

A  brief  discussion  Is  given  of  the  work  done  by 
C.  E.  Munroe  and  E.  Neumann. 


L  T.  E.  Circuit  Breaker  Co.  (DA36-034-ORD-145). 
SHEAR  FORMING  OF  COPPER  CONES  FOR 
LINED  SHAPED  CHARGES,  by  C.-  Server  and 
F.  J.  Gardiner.  May  30,  1951,  Op.  illus.  diagr. 
(Proj.  no.  TA1-1526)  Unclassified 

A  technique  is  described  for  producing  a  Uncr 
having  a  45°  included  apex  angle  and  of  a  size 
suitable  for  a  105-mm.  projectile  having  a  trans¬ 
verse  wall  thickness  uniformity  of  C.  001  In.  and 
an  axtal  uniformity  of  0.003  in.  between  the 
datum  planes. 
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LI  126 

Institute  !or  Mathematics  and  Mechanics,  New  York 
University. 

REMARKS  ABOUT  THE  EFFECT  OF  THE 
DETONATION  WAVE  ON  THE  LINER  OF  A 
SHAPED  CHARGE,  by  K.  O.  Friedrichs  and 
■  others.  Preliminary  rept.  Jan.  15,  1949,  64p. 
incl.  diagrs".  Confidential' 

Certain  aspects  of  the  detonation  theory  are 
examined  in  detail  to  prepare  the  way  for  a 
theoretical  determination  of  the  final  motion  ol 
the  liner.  Well-known  formulas  for  the  speed  and 
mass  of  jet  and  slug  are  rc-dcrlved,  and  the 
detonation,  process  independent  of  the  presence  of 
a  liner  is  studied.  The  consequences  of  assuming 
that  the  expansion  of  the  burnt  gas  Is  not  affected 
by  the  liner  are  investigated,  and  a  general  de¬ 
scription  of  the  motion  of  the  liner  is  given.  Shock 
wave  processes  in  the  liner  material  are  dis-  , 
cussed,  and  the  train  of  the  waves  is  determined 
in  delaii.  Calculations  and  diagrams  relevant  to 
these  studies  are  presented. 

LI  127 

Institute  for  the  Study  of  Rate  Processes,  University 
of  Utah  (NTonr-45107). 

A  NOVEL  "GEOMETRICAL"  APPROACH  TO 
REACTION  RATE  DETERMINATIONS  IN  DETONA¬ 
TION,  by  M.  A.  Cook.  Jan.  26,  1952,  25p.  Incl. 
diagrs.  (Technical  rept.  no.  4)  TIP  C7454 

Confidential 

An  empirical  model  of  the  detonation  process  was 
examined  with  respect  to  fundamental  details 
and  applications  to  military  explosive  problems, 
especially  shaped  charge  studies.  The  examination 
was  based  on  an  analysis  of  experimental  data 
and  the  relationships  for  the  detonation  and  retona- 
tion  heads  of  confined  and  unconfined  cylindrical 
charges.  The  expression 

N(t)  =  (l-^)  was 

derived  for  N(t),  the  fraction  of  the  explosive  which 
has  reacted,  the  time  (t),  and  th;  total  reaction 
time  (r).  Evaluation  by  comparison  with  the  In¬ 
dependent  relationship  N  =  (D/D*)2,  based  on  the 
theory  of  the  detonation  head,  was  recommended; 

D  and  D°  arc  the  characteristic  and  Ideal  detona¬ 
tion  velocities,  respectively.  (TIP  abstract) 

LI  128 

Institute  for  the  Study  of  Rate  Processes,  University 
of  Utah  (N7onr-45107). 

DETERMINATION  OF  REACTION  RATES  IN 
DETONATION  BY  MEANS  OF  SHAPED  CHARGES 
STUDIES,  by  M.  A.  Cook.  July  15,  1953,  lDp. 
tables,  diagrs.  (Technical  rept.  no.  16)  AD- 16  370 

Confidential 

The  dutunalion  head  theory  is  extended' to  apply  in 
the  application  of  shaped  charge  measurements  In 
the  determination  of  reaction  times  in  detonation. 
Using  45°  Cu  conical  liners,  shots  were  made  with 
ideal  explosives  to  establish  calibration  curves 


for  the  measurement  of  the  effective  detonation 
pressure.  The  influence  of  variations  in  conical 
liner  wall  thickness  was  studied  quantitatively, 
and  it  was  shown  that  accurate  results  will  depend 
on  the  use  of  conical  liners  of  less  than  .  002- In. 
variation  in  wall  thickness.  Various  non-ideal 
explosives  were  Etudied  and  quantitative  evalua¬ 
tions  carried  out  for  coaise-gratned  TNT  which 
proved  to  be  in  agreement  with  the  theory  within 
experimental  error.  Aluminized  explosives  appear 
to  develop  about  the  same  detonation  pressures  . 
that  would  be  obtained  if  Ai  were  considered  to  be 
entirely  inert.  Particle  size  effects  were  clearly 
evident  in  baratol  and  amatol,  but  not  in  aluminized 
exDlosive.  Future  studies  will  utilize  more 
quantitative  techniques. 


L1129 

Institute  for  the  Study,  of  Rate  Processes,  U.  of  Utah 
(OTonr-45107). 

TIME  LAG  IN  PROPAGATION  OF  DETONATION 
THROUGH  AIR,  STEEL,  AND  GLASS,  by 
M.  A.  Cook.  Mar.  15,  1954,  8p.  illus.  tables, 
diagrs.  (Technical  rept.  no.  31)  Confidential 

Measurements  of  the  average  velocity  Vg  of  prop¬ 
agation  of  detonation  by  influence  through  air, 
steel,  and  gloss  are  reported.  The  results  show 
that  Vg  was  much  lower  than  the  detonation  veloc¬ 
ity  D  in  all  cases.  Moreover,  the  Vg  vs.  distance 
curves  observed  tor  propagations  over  air  gaps 
differed  considerably  both  in  shape  and  magnitude 
from  the  shock  wave  velocity  (V*)-dlstance  curves 
observed  in  this  study.  Detonation  Initiation  time 
lag  against  gap  distance  curves  are  presented  and 
the  results  discussed  in  connection  with  the  hot 
product  gas  initiation  mechanism.  While  further 
study  is  needed  to  elucidate  completely  the 
mechanism  of  propagation  by  Influence,  the  ex¬ 
perimental  results  obtained  in  this  study  should 
be  useful  in  the  design  of  detonation  wave  Inter¬ 
rupters  and  wave  shape  control  "lenses.  " 


L113D 

Institute  of  Industrial  Research,  Syracuse  University 
(DA30-115-ORD-332). 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  Monthly  progress 
rept.  no.  1.  Aug.  15,  1952,  12p.  inch  Illus. 

AD-  14  387  Confidential 

Tests  were  conducted  on  62. 5°,  80-g.  shaped 
charges  of  consolidated  desensitized  cyclonite 
with  a  PETN  primer  to  which  oxidizing  agents 
were  added.  Liquid  O,  O  gas,  or  Thermit  pro¬ 
vided  little  beneficial  effect.  Less  penetration 
was  observed  when  the  jet  was  disturbed.  Plates 
spaced  0.  5  in.  apart  appeared  to  reduce  penetra¬ 
tion  appreciably.  (AST1A  abstract) 
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LI  133 


Institute  of  Industrial  Research,  Syracuse  University 

(DA3D-115-ORD-332).  _ 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  Monthly  progress 
rent.  no.  2.  Sept.  15,  1352,  8p.  inch  illus. 

AD -34  303  ’  Confidential 


Thermit,  1/1  Ba02/Mg,  ari  l/l/L  BaQ2/Mg/Ther- 
mit  oxidants  were  evaluated  with  shaped 
charges.  Arrangements  were  employed  in  which 
the  lei  passed  through  steel  (B-B)  shot  and  in 
which  a  1-in.  Fiberglas  layer  was  placed  between 
2  steel  plates  as  the  'arget.  Oxidant  burning  was 
obtained  in  3  tests  but  the  oxidant  material  did 
not  appear  to  lolluw  the  Jet  into  the  hole. 

n  (AST1A  abstract) 


L1132 


Institute  cf  Industrial  Research,  Syracuse  University 
(DA3Q-115-ORD-332). 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  Morchly  progress 
i  rat.  no.  3.  Oct.  15,  1952,  16p.  incl.  illus. 

’  0-14  3B9  Confidential 


Tests  were  conducted  with  shaped  charges  and 
oxidants  positioned  above  4-in.  steel  clocks  with 
existing  holes  to  determine  if  the  oxidants  could 
be  forced  through  behind  the  Jet.  With  a  totally 
enclosed  90°  shaped  charge  and  oxidant,  the  hole 
made  by  the  jet  indicated  possible  oxidation.  A 
mixture  of  red  P-KClOg-Thermlt  appeared  to 
burn,  the  hole  being  thickly  plated  with  a  blistered 
coating  of  Cu  color.  The  residue  from  a  62. 5 
shaped  charge  using  Thermit  as  the  oxldlzingagent 
appeared  to  be  a  mixture  of  Cu  and  Thermit..  How¬ 
ever,  the  results  of  these  tests  were  inconclusive. 


L1133 

Institute  of  Industrial  Research,  Syracuse  University 
(DA3Q-115-ORD-332). 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  Monthly  progress 
rept.  no.  4,  Oct.  15-Dec.  1,  1952.  Bp.  tncL 
dlagrs.  AD- 14  390  Confidential 


A  test  was  conducted  with  a  62, 5°  shaped  charge 
and  Thermit  to  determine  if  the  oxidant  could 
be  forced  through  the  target  hole  behind  the  Jet. 

No  trace  oi  Thermit  passage  through  the  hole  was 
indicated.  A  special  shaped  charge  design  wa3 
proposed  incorporating  2  connected  explosives 
and  2  separrte  liners,  1  of  Cu  and  1  of  incendiary 
mixture.  It  is  presumed  that  the  jet  from  the  Cu 
cone  will  penetrate  the  target,  and  that  the  second¬ 
ary  jet  of  incendiary  will  ioliow  the  Cu  jet  through 
the  target.  No  test  has  been  made. 


L1134 


Institute  of  Industrial  Research,  Syracuse  University 
(DA30-115-ORD-332). 

.THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  Rept.  no.  6,  Jan.  1- 
Feb.  28,  1953.  I3p.  incl.  dlagrs.  AD-14  391 

Confidential 
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A  projectile  with  propellant  was  placed  over  a 
shaped  charge  and  both  were  fired  by  no.  6  detona¬ 
tors  wired  In  parallel  to  the  same  110-v.  circuit. 
Preliminary  tests  using  shoterr  shells  alone  in¬ 
dicated  that  about  half  the  shot  passed  through 
the  hole.  When  the  shotgun  shells  were  fired  with 
a  62. 5°  shaped  charge  into  a  solid  steel  target, 
only  a  few  pellets  went  through-  A  0.25-W  diam¬ 
eter,  2. 5-in.  long  projectile  was  fired  into  the  top 
cf  a  90°  shaped  charge  ha  vine  a  fETN  primer  but 
no  detonator.  The  charge  was  not  detonated  and  ifctr 
Cu  cone  of  the  shaped  charge  was  penetrated  by  the 
projectile.  In  another  test  firing,  a  0. 25-in.-diam- 
eter  2.  5-in.  long  dowel  fol’.mred  the  jet  through  a 
2.  5-’in.  sleel  target.  Pigment-filled  steel  capsules 
0.25  in.  in  diameter,  lie.  Iccg,  also  passed  through 
the  jet  hole,  splashing  pigment  ever  the  collecting 
chamber  beneath  the  target.  Results  indicated  that 
projectiles  3/0  in.  in  diameter  were  loo  huge  to 
pass  through  the  Jet  hole. 


L1135. 


Institute  ol  Industrial  Research,  Syracuse  University 
(DA30-115-ORD-332). 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHARGES.  [Monthly]  progresa 
rept.  no.  7.  Apr.  15,  1953,  13p.  incl.  table, 
dlagra.  AD-14  392  Confidential 


Determinations  were  made  of  projectile  velocities 
from  guns  to  be  used  with  shaped  charges.  The 
velocities  varied  from  about  500  It.  /sec.  for  the 
smokeless  powder-0. 25-in.  dowel  projectile  to 
about  2000  it.  /sec.  for  a  0.25-in.  diameter  x 
0.75  in.  long  Cu  projectile.  Several  tests  were 
also  conducted  using  the  projectile  gun-62.  5° 
shaped  charge  unit  (Hem  no.  L1134).  In  1  liring, 
a  small  amount  oi  Therm  64C  went  through  the 
hole  in  the  target.  In  another  firing,  a  steel  dowel 
0. 5  in.  x  0.25  in.  and  2  of  100  kerosene-soaked 
cardboard  discs  followed  the  jet  mto  the  collecting 
chamber.  Two  oilier  tests  with  Therm  64C  cones 
were  not  successful. 


LI  136 


Institute  of  Industrial  Research.  Syracuse  University 
(DA30-115-ORD-332). 

THE  INCENDIARY  EFFECTS  OF  OXIDANTS 
WITH  SHAPED  CHAKGES.  [Monthly]  progress 
rept.  no.  8-  May  15,  1953,  9p.  incl.  diagr. 

AD- 14  393  Confidential 
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A  0.  443-g  du  Pont  Pistol  Powder  no.  6  propellant 
packed  inside  a  Remington  jtud-driver  cartridge 
„nd  a  62.  5°  shaped  charge  below  the  gun  were 
fired  simultaneously  with  2  no.  6  electric  detona¬ 
tors.  The  jet  went  through  4. 13  in.  of  steeL  The 
splash  marks  on  top  of  the  steel  target  and  the 
dull  appearance  of  ttie  test  hole  indicated  that  the 
6.5-mm.  diameter,  0. 75-in.  long,  rolled  Pb 
projectile  was  melted.  A  25-g.  Therm  G4C  cone 
was  pressed  successfully  with  a  cellulose  nitrate 
binder.  When  a  62. 5°  cycioaite  shaped  charge 
without  a  cone  was  placed  on  top  of  the  Therm 
cone,  a  jet  was  formed  on  f:ring  which  produced 
a  0.75-in.  diameter  hole  1  in.  deep  in  the  steel 
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target;  the  steel  was  oxidized.  A  25-g.  Therm 
64C  cone  was  pressed  on  the  lop  ol  a  26.  5-g.  . 

Cu  cone  and  a  62.  5°  shaped  charge  without  a 
cone  was  placed  on  top;  on  firing  the  jet  penetrated 
3.  63  in.  of  steel.  Excessive  oxidation  occurred 
in  and  around  the  test  hole,  A  2-cone-in-series 
charge  was  constructed.  This  2-cone  shaped 
charge  consists  of  a  regular  62.  5°  cone,  a  2-In. 
length  of  Cu  tubing,  an  inverted  62.  5  Cu  cone 
with  apex  cut  out  to  provide  a  Q.  5-in.  diameter 
hole,  and  another  62.  5“  cone,  right  side  up, 
machined  to  match  its  neighboring  cone.  The 
volume  available  for  explosive  loading  Is  307  cc. 

L1137 

Intelligence  Section,  1st  Engineer  Service  Detach¬ 
ment,  Headquarters. 

STEEL  CUTTING  WITH  EXPLOSIVES,  by 
T.  R.  Fulton.  June  30,  1347,  7p.  inch  illvs. 
diagrs.  Confidential 

A  description  is  given  of  a  German  linear  charge 
for  cutting  steel.  The  explosive  used,  designated 
as  Comp.  X  for  lack  of  a  permanent  name,  was 
similax-  to  C2  but  apparently  more  effective;  it 
cut  so  clearly  that  It  was  used  in  close  places  pro¬ 
hibiting  ordinary  explosives.  The  formula  and 
characteristics  of  this  explosive  are  reported. 

L1138 

Inter-Services  Mines  and  Missiles  Committee 
[Gt.  Brit.]. 

HOLLOW  DEMOLITION  CHARGES  (ITALIAN) 

20  KG.  AND  5  KG,  by  R.  H.  Rooksby.  Sept.  24, 
1044,  3p.  Incl.  diagr.  (Rept.  no.  36;  EI/211/3) 

Confidential 

A  description  and  construction  details  are  given 
of  the  20-  and  5-kg.  Italian  shaped  charges. 

Tests  on  a  4-ft.  thick  massive  concrete  roof 
gave  poor  results.  The  20-kg.  charge  made  a 
crater  4  ft.  in  diameter  and  IB  In.  deep.  Spalling 
on  the  underside  made  a  crater  up  to  C  ft.  in 
diameter  and  about  2  ft.  deep.  The  roof  was  pene¬ 
trated  through  the  center  of  the  crater  by  a  hole 
approximately  1.  6  in.  in  diameter.  The  5-kp. 
charge  made  a  crater  2  ft.  in,  diameter  and 
10  in.  deep.  There  was  no  noticeable  penetration 
in  the  center  and  only  cracking  on  the  underside. 

L1139 

Johns  IfoDkins  University  (OEMsr-773). 

THE  INTERACTION  OF  SHOCK  WAVES,  by 
R.  W.  Wood.  Progress  rept.  Nov.  4,  1943, 

21p.  Ulus,  diagrs.  (NDRC  Div.  B)  OSRD  1996 

Unclassified 

Experiments  were  carried  out  to  verify  von  Neu¬ 
mann's  theory.  Von  Neumann's  mathematical 
analysis  led  to  the  prediction  of  wave  fronts  of 
complicated  lorm  and  properties  similar  to  those 
described  by  Mach,  who  observed  them  on  plates 
of  smoked  glass  mounted  close  to  powerful 
electric  sparks.  Photographs  of  Interacting 
shock  waves  are  shown.  One  ol  these  photographs 


shows  cusps,  discontinuity  lines,  and  the  Mar.h 
wave  bulging  forward  in  the  direction  of  its 
propagation  as  predicted  by  von  Neumann.  It  was 
hypothesized  that  this  effect  might  be  partly 
responsible  for  the  formation  of  the  armor  pierc¬ 
ing  jet  in  the  ease  at  shaped  charges  cf  explosive, 
the  center  of  the  "bridge"  acquiring  a  gradually 
increasing  velocity  of  propagation  as  the  intenElty 
of  the  shock  waves  was  increased. 


Johns  Hopkins  University  see  also  Applied  Physics 
Laboratory  Operations  Research  Office 

L1140 

Joint  Intelligence  Center,  Pacific  Ocean  Areas. 
TRANSLATION  OF  CAPTURED  JAPANESE’ 
DOCUMENT.  EXPLANATION  OF  HOLLOW 
CHARGE  AMMUNITION.  Aug.  1943,  lOp, 

(JICPOA  Item  no.  7651)  Confidential 

The  discussion  is  concerned  with:  (1)  origins  of 
shaped  charge  ammunition;  (2)  basic  principles 
of  shaped  charge  ammunition;  (3)  practical  applica¬ 
tion  of  these  principles;  (4)  construction  of  shaped 
charge  ammunition  and  its  general  qualities; 

(5)  nature  of  its  trajectory;  (6)  effectiveness  of  the 
projectile;  (7)  special  characteristics  of  shaped 
charge  ammunition;  (8)  contemporary  use  of  shaped 
charge  ammunition;  (9)  status  of  shaped  charge 
ammunition  in  Japan  today  and  its  future;  and 
(10)  cautions  concerning  use  of  shaped  charge 
ammunition. 

L1141 

Joint  Intelligence  Objectives  Agency. 

INTERROGATION  OF  DIPL.  ING.  E.  A.  MAR- 
QUARD.  June  28,  1946,  3p.  (File  no.  BIGS  -  29) 

(See  item  no.  L404.) 


L1142 

Kast,  H.  and  A.  Haid. 

INVESTIGATIONS  ON  THE  FEASIBILITY  OF 
PRACTICAL  TESTING  METHODS  FOR  DETONA¬ 
TORS  (Untersuchungen  Uber  die  Brauchbarkeit  der 
Methoden  zur  praktischen  Prilfung  von  Spreng- 
kapseln).  Acitschrilt  fiir  das  gosamte  Schiess- 
und  Sprengstoffwusen,  v.  19,  Nov.  1924:  165-170. 

Experiments  with  various  detonators  are  reported. 
The  greater  effect  of  the  Schulze  detonator  Is 
attributable  to  the  cavity  rather  than  to  the  density 
gradient  from  top  to  bottom. 

L1143 

Kirkwood,  J.  G. 

DIARY  OF  DR.  J.  G.  Kirkwood.  June  20- July  21, 
1943,  p.  1-32.  (OSRD  Liaison  Office  Reference 
no.  WA-792-22a)  {Part  tl;  July  23 -July  28,  1943; 
p.  33-42]  (OSRD' Liaison  Office  Reference  no. 
WA-813-5a)  Confidential 
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Discussions  with  British  scientists  are  reported 
briefly.  The  subjects  were  explosion  waves,  under¬ 
water  damage,  bomb  damage,  and  2  rente,  err 
.shaped  charges:  (1)  Visit  to  Mr.  Tuck  .1  Extrusion 
(Hydrodynamic]  theory  ol  the  cavity  effect  and 
X-ray  photographs  of  the  jets  from  lined  charges 
(lp.);  and  (2)  Visit  to  Dr.  Guggenheim  -  Utilization 
of  the  cavity  effect  in  attack  on  underwater  targets 
[staged  charge  antisubmarine  bomb]  (?,p.).  Parltt 
reports:  (3)  Visit  to  Sir  Robert  Robertson, 

Dr.  Ubbelohde,  and  Dr.  Porter  -  Shaped  charges 
and  follow-through  projectile  [bomb]  (3p.);  and 
H)  Notes  on  effect  of  rotation  on  the  formation  of 
the  Munroe  jet  (3p.).  [Summaries  of  AC  3987  and 

IP  <t  «n  r»  1 


U144 

Kolsky,  H.  and  others. 

A  STUDY  CF  THE  MECHANISM  OF  MUNROE 
CHARGES.  PART  I.  CHARGES  WITH  CONICAL 
LINERS.  PART  n.  CHARGES  WITH  HEMISPHERI¬ 
CAL  LINERS.  Research,  v.  2,  Feb.  1949:  89-98. 

Part  L  The  mechanism  of  penetration  by  conical 
steel  and  Cu  lined  charges  6  mm.  and  1  cm.  in 
diameter  was  studied  by  firing  Into  steel,  poly¬ 
thene,  paraffin,  and  water.  Cel  lapse  of  the  liners 
was  studied  by  modifying  the  weight  of  explosive. 
Linero  of  various  thicknesses  were  used  to  deter¬ 
mine  (he  relation  between  liner  thickness  and  slug 
weight.  The  Jets  obtained  from  conical  charges 
were  formed  by  a  hydrodynamic  compression  of 
the  liner  by  the  explosion,  and  the  penetration  was 
due  initially  to  Laments,  the  weights  of  which 
were  less  than  C.  1  that  of  the  liner.  Part  IL  The 
collapse  of  hemispherical  liners  was  investigated. 

It  was  concluded  that  the  mechanism  ol  collapse 
diifers  considerably  from  that  of  conical  liners,  aa 
does  the  distribution  of  the  fragments  in  the  jeL 


L1145 

Krasel'shchik,  V.  N. 

CUMULATIVE  C.'fARGES  IN  INDUSTRY  (Kumul- 
yativnye  zariady  y  promyshlennosti).  Gorayl 
Zhurnal,  v.  122  (1),  1948:  16-18. 

The  following  factors  relating  lo  the  use  of  shaped 
charges  for  blasting  and  drilling  were  investigated: 
(1)  amount  and  type  of  explosive,  and  (2)  dimen¬ 
sions  and  shape  of  charge  and  liner.  Three  basic 
forms  of  shaped  charges  were  listed  as  conical 
paraboloidal,  and  ellipsoidal. 

L1146 

Laboratoire  d'Etudes  Balistiques  de  Saint-Louia  • 
(France). 

STATE  OF  RESEARCH  WITH  FLAT  CHARGES 
der1'^tude  des  charges  plates),  by  2 homer. 
|194G],  uOp.  incl.  ilius.  diagrs.  (Rept.  no.  6/46- 
Trans,  by  Service  Branch,  ID,  23p.)  (Original  and 
translation  transmitted  as  Inclosurc  1  to  MA  Paris 
rept.  no.  R737-47)  TIP  S50123  Secret 

The  investigation  of  propelling  fiat  charges  by  the 


detonation  cf  shaped  charges  (the  Misznay- 
Schardin  effect)  by  the  French  with  the  assistance 
oi  Dr.  Schardin  is  reported.  Theory,  dimensional 
design,  powder  studies,  effect  of  asymmetry,  and 
such  applications  as  Use  in  rocket  warheads  and 
as  an  antiaircraft  weapon  are  described  in  detail. 

\  elocity  measurements  and  photography  in  the 
tests  were  improved  by  Including  a  luminous 
composition  in  the  cavity. 

L1147 

[Laboratoire  d'Etudes  Balistiqnes  de  Saint-Louis 
(France)]. 

[REPORTS  ON  BALLISTIC  RESEARCH],  PARTIL 
EFFECT  OF  SPINNING  ON  PENETRATION  OF 
HOLLOW-CHARGE  PROJECTILES,  by  II.  Schardln. 
Feb.  10,  184G,  p.  42-56  lncl.  diagrs,  (Rent, 
no.  1/46;  CL4  198045;  Q-54-0)  Restricted 

Tests  made  with  a  7.  5-cm.  shell  fired  dynamically 
arc  reported.  The  built-in  liner  was  of  Fe  with  an 
apex  angle  of  40°.  Other  tests  with  the  FZ  65  pro¬ 
jectile  are  reported.  Descriptions  are  included  ol 
the  test  setup  and  method  of  measuring  the  r.p.  m. 
fLp.  m.  measurements  were  made  on  shaped 
charges  with  liners  in  the  shape  of  ellipsoids, 
hemispheres,  and  cones.  A  rough  qualitative 
interpretation  of  the  spin  effect  is  given.  From 
the  test  results,  it  was  concluded  tlint  spinning 
causes  a  decrease  in  the  penetration  depth  of 
shaped  charges.  A  complete  elimination  of  the 
spin  with  its  damaging  effect  appeared  impossible 
at  present. 

L1148 


ujice,  h_ 


A  SCIENTIFIC  APPROACH  TO  THE  INDUSTRIAL 
APPLICATION  OF  SHAPED  CHARGES.  The 
Explosives  Engineer,  v.  25,  Nov.-Dee.  1947- 
171-173,  182-183. 


The  jj  dustrlal  application  of  shaped  charges  for 
such  uses  as  hole  drilling,  boulder  blasting, 
seismic  prospecting,  and  oil-well  shooting  is 
discussed. 

L1149 


APPLICATION  OF  SHAPED  EXPLOSIVE  CHARGES 
TO  MINING  OPERATIONS:  TESTS  ON  STEEL 
AND  ROCK.  Bulletin  nf  the  University  of  Utah 
v.  37,  1946:  48p.  (Dept,  of  Mining  Engineering 
Bulletin,  no.  I) 


wiacusmons  are  included  on  the  history  of  the 
Munroe  effect,  mechanism  of  detonation  in  ex¬ 
plosives,  and  theory  of  shaped  charges.  Tests 
were  made  with  linear  charges  loaded  with  60% 
NG  dynamite  fired  against  steel  targets.  Results 
were  erratic  because  of  the  fact  that  the  case  and 
charge  liner  were  made  in  1  continuous  piece  of 
steel.  Test  results  are  shown  for  l-ln.  charges 
with  45  and  30°  liners  fired  against  steel  plates. 
Tests  were  made  or,  2  variations  of  3-in.  charges 
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wilh  a  liner  screwed  in  the  end  of  a  pipe,  and  1 
with  a  bell  or  cast  Fe  cover  screwed  on  top.  The 
first  type  was  used  io  determine  optimum  standout 
distance  lor  this  charge  size:  the  covered  iype  was 
used  to  determine  the  relationship  between  the 
amount  of  powder  in  the  charge  and  its  penetrative 
power.  Charges  wilh  hemispherical  cast  Fe  liners 
were  design:d  to  test  the  effect  of  jets  from  hemi¬ 
spheres.  Tests  were  made  also  with  these  charges 
to  determine  the  most  economical  amount  cf  ex¬ 
plosive  and  optimum  standoff  against  steel.  Test 
results  against  rock  are  also  reported.  It  was 
concluded  that  the  application  of  shaped  charges 
to  mining  is  practical  and  economical, 


L1150 

Little,  Arthur  D. ,  Inc.  (DA-  1S-020-ORD-47  and 
DAI-  19-020-501-ORD(P)33). 

EVALUATION  OF  ME  T  H  YLE NEDINiT RAMTNE 
(MEDINA)  AS  A  HIGH  EXPLOSIVE.  Summary 
rept.  Mar.  1,  1954,  lGBp.  incl.  illus.  tables, 
riiagrs.  AD-29  631  Confidential 

In  the  evaluation  of  MEDINA  as  a  high  explosive, 
its  performance  in  shaped  charges  was  tested. 
Penetration  tests  were  conducted  by  Jet  Guns, 

Inc.  using  27- g.-  charges  of  MEDINA  and  Cyclonlte 
(RDX{93. 4)/Wax(4. 9)/Graphite(l.  7)).  These 
charges  were  fired  into  targets  of  SAE  1020 
hot-roiied  steel  bars,  the  best  shot  for  each  giving 
a  penetration  of  C.  B75  in.  for  MEDINA  and 
0.  G25  in.  for  Cyclcnite.  The  best  3-shot  aveiage 
for  MEDINA  was  6. 792  tn.  and  for  Cyclonile, 

6.  S63  in.  The  standoff  for  all  24  Medina  charges 
was  2  3/8  in.  while  the  standoffs  for  the  22 
Cyclonlte  charges  varied  from  I  in.  to  2  5/8  in. 

It  was  concluded  that  the  penetration  performance 
of  the  MEDINA  charges  was  about  4%  better  than 
that  of  the  Cyclonite  charges. 


LI  151 

Little,  Arthur  D. ,  Inc.  (DA-19-020-GRD-338). 
90-MM.  HEAT  SHELL.  Progress  rept.  no.  20, 
Mar.  1953.  Apr.  13,  1953,  2p.  diagr. 

Confidential 

The  details  of  a  new  layout  for  the  HEAT  shell 
T249  are  given.  These  Include:  (a)  the  attachment 
of  the  "Lucky”  to  the  ogive  and  the  wiring  ol  the 
"Lucky"  to  the  base  element  by  a  nylon  covered 
wire  that  passes  through  a  hole  in  the  liner  to  a 
slot  in  Ihe  fuze  cavity;  (b)  the  Cu  conical  liner  for 
the  T108  round  is  to  be  modified  for  use  in  Ihe 
T249  round  by  machining  a  small  step  on  the  back¬ 
side  of  the  lip  and  shortening  the  liner  extension 
tube,  Test  models  will  be  manufactured  and  llred 
to  determine  the  best  suitable  nose  construction 
for  operating  the  "Lucky”  at  60°  obliquity.  A 
drawing  ol  the  HEAT  projectile  assembly  is 
presented. 


L1152 

Little.  Arthur  D. ,  Inc.  (0A-19-020-ORD-338). 

HEAT  SHELL  FOR  90-MM.  RECOILLESS 
RIFLE.  Monthly  progress  rept.  no.  29,  Dec.  1- 
31.  1953.  Jan.  10,  1954,  [9]p.  incl.  tables. 

Confidential 

Thirty-five  90-mm.  T249  HEAT  rounds  were 
tested  at  the  Fort  Dix  range.  From  these  firings, 
data  were  obtained  for:  (1)  correlation  of  the 
piezo  pressure  gages  on  the  chamber  and  Ihe  T1 
Cu  pressure  gages  inside  the  cartridge  cases; 

(2)  accuracy  of  the  round;  (3)  interior  ballistics 
of  the  round  at  elevated  temperatures.  Fifty 
test  shells,  with  fuzes  and  steel  plates,  were 
sent  to  the  Maynard  Ordnance  Area  for  static 
penetration  tests. 

L1153 

Little,  Arthur  D, ,  Inc.  (DAI-19-020-50:l-OKD-(P)-19). 
RESEARCH  ON  MINES,  ANTITANK  AND/OR 
RELATED  ITEMS,  by  G.  Hess-  Progress  rept¬ 
ile.  26,  Mar.  1-31,  1954.  Apr.  5,  1955,  5p. 
illus.  diagr.  (Ordnance  prof.  no.  TQ3-592C; 

Army  proj.  no.  RAD  ORDTA-1-13115)  Secret 

Seven  mines,  4  metallic  and  3  norimetallic,  were 
fired  down  at  targets  of  3-in.  armor  plate  in  com¬ 
bination  with  1-In.  boiler  plate  placed  on  wood 
supports  in  penetration  tests.  Results  of  theEe 
firings  follow: 
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The  Fibcrglas  dishes  used  in  the  nonmetallic 
mines  were  made  of  equal  weights  of  Selectron 
5003  polyester  resin  and  Fiberglas  cloth,  the 
laminations  being  built  up  1  ply  at  a  lime  in  a 
Castone  (similar  lo  plaster  of  paris)  bowl  of 
correct  spherical  radius.  Results  of  these  firings 
follow: 
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It  was  concluded  that  there  Is  a  dish  diameter 
threshold  above  which  penetration  will  occur; 
these  data  indicate  that  the  threshold  is  between 
12  and  14  in. 
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Little,  Arthur  D. ,  Inc.  (W19-020-ORD-6469). 
ABSTRACT  REPORT  ON  MULTI-PURPOSE 
LiGHT  WEIGHT  ANTITANK  WEAPON.  Oct.  1, 
1948,  12p.'  (Rept.  no.  C-57735)  Confidential 
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Mention  iE  made  of  the'uae  of  shaped  charges  ao 
a  means  of  defeating  armor.  For  the  required 
defeat  of  11  in.  of  armor,  a  75-mm.  caliber  HEAT 
warhead  would  be  sufficient.  Because  shaped 
charges  are  sensitive  to  large  rotational  speeds, 
only  slight  spins  are  permlssable  for  overcoming 
slight  asymmetries.  Fin  stabilization  was  difficult 
at  trans-sonic  and  supersonic  speeds;  subcaliber 
fins  were  Inadequate  above  subsonic  speeds. 


£1155 


Lodatt,  D. 

AN  EXPLANATION  OF  THE  EXPLOSIVE 
BEHAVIOR  OF  A  HOLLOWED  BLOCK  OF 
COMPRESSED  TRINITROTOLUENE  (Unaspics- 
azinne  del  comportamonto  csulosivo  <fi  fcloccM 
cavi  dl  tritolo  compresso).  Glornale  dl  Chimlca 
Industrialc  ed  Applicata,  v.  14,  Mar.  1942;  130-132. 


Experiments  were  made  with  explosive  charges 
having  triangular,  square,  octagonal,  and  circular 
cavities  of  various  heights.  The  conical  cavity 
produced  the  deopest  penetration.  It  was  concluded 
that  this  penetration  was  the  i  ssult  of  interacting 
shock  waves  that  produced  a  very  high  temperature. 
(See  also  item  noa.  L25  and  L676.) 


LI  156 


McLemore,  R.  K. 

FORMATION  PENETRATING  WITH  SHAPED 
EXPLOSIVE  CHARGES.  The  Oil  Weekly,  v.  122, 
July  0,  1946;  56,  58. 


Exhaustive  tests  proved  that  the  shaped  charge 
principle  was  very  eifective  lor  opening  oil  well 
channels  resulting  ir.  increased  oil  production. 


LI  157 


McLemore,  R.  H. 

CASING  PERFORATING  WITH  SHAPED  EX¬ 
PLOSIVE  CHARGES.  Oil  and  Gas  Journal,  v. 

Dec.  28,  1943:  268-271.  (Also  published i  in 
The  Oil  Weekly,  v.  124,  Dec.  30,  ISTS:  3 8 "40. 


45. 


The  normal  casing  perforating  charge  designed 
to  give  deep  oenetratlon  under  normal  conditions, 
and  the  heavy-duty  charge  containing  2.  5  times 
the  amount  ot  explosive  in  the  normal  charge 
were  tested.  Several  open-hole  charges  were 
fired;  entrance  holes  are  shown.  A  double-ended 
charge  was  designed  which  when  detonated  from 
the  mid-point,  emitted  jets  fromboth  ends.  Thia 
article  supplements  the  one  which  appeared  In  the 
July  8,  1946  issue  of  Che  Oil  Weekly  (item  no. 

LI  156). 
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McLemore,  R.  H. 

PERFORATING  CASING  WITH  SHAPED  EX¬ 
PLOSIVE  CHARGES.  The  OH  Weekly,  v.  124, 
Dec.  30,  1346:  36-40. 


(See  Item  no.  Li  157.) 


L1159 


McPherson,  G. 

POSSIBLE  USE  OF  SHAPED  EXPLOSIVE 
CHAP.GES  IN  MINING.  Bulletin  of  the  Institution 
of  Mining  and  Metallurgy,  no.  450,  Sept.  1947: 
1-11;  no.  493.  Dec.  1647:  20-41. 


.V,  , 


’••O-V. 


The  design  and  function. of  the  shaped  explosive 
charges  used  in  armor  piercing  weapons  are  , 
discussed  and  the  value  oi  following  certain  ex¬ 
perimental  lines  with  the  aim  of  using  the  same 
shaped  charge  principle  In  mining  arc  pointed 
out  to  the  mining  industry. 


LI  160 


Marine  Corps.  _ „ 

INSTRUCTIONAL  MATERIAL  ON  USE  OF  THE 
GRENADE,  RIFLE,  HEAT,  T41  (ENERGA), 

FOR  MARINE  CORPS  ORGANIZATIONS,  by 
C.  B.  Cates.  Nov.  24,  1950,  21p.  iUus.  dlagre. 
(Inclosurc  1  to  Marine  Corps  Training  BuUella 
no.  4-50)  Restricted 


The  antitank  rifle  grenade,  Energa  (HEAT)  Is  a 
fin-stabilized,  point  Initiated,  base  detonating; 
shaped  charge  projectile.  The  report  gives  de¬ 
tails  oi  the  grenade,  and  its  launcher,  training 
instructions  for  personnel  in  the  use  of  the  gre- 
•  nade,  instructions  for  transporting,  handling  ami 
stm  mg  the  grenade,  and  safety  precautions. 


LllQl 


Marine  Corps  Equipment  Board. 

REPORT  OF  TEST  ANTITANK  RIFLE  GRE¬ 
NADE,  "ENERGA".  May  19,  1949,  45p.  Ulus. 

Confidential 


Tests  were  made  to  determine  the  capabilities  and 
characteristics  of  the  F.nerga  antitank  rifle  gre¬ 
nade  as  compared  with  the  US  shaped  charge 
shoulder  weapons,  the  M9A1  rifle  grenade  and 
the  2.36-tn.  M6A3  HEAT  rocket.  The  Energa 
grenade  Is  a  fin-stabilized,  point-initiated,  base- 
detonating,  shaped  charge  projectile  with  an  over¬ 
all  length  of  15. 75  in. ,  a  weight  of  1. 32  lb. ,  an 
explosive  charge  of  11. 65  oz. ,  and  a  muzzle  veloc¬ 
ity  ot  174  ft.  /sec.  Included  In  the  comparative 
tests  wore:  (1)  destructive  ability;  (2)  reliability 
of  functioning  at  various  angles  of  obliquity; 

(3)  range  and  accuracy;  (4)  flight  stability; 

(5)  muzzle  velocity;  (6)  performance  at  extreme 
high  and  low  temperatures;  and  (7)  fuze  sen¬ 
sitivity.  From  these  tests  it  was  concluded  that 
the  Energa  grenade,  when  modified,  is  a  suitable 
replacement  for  the  M9A1  grenade;  however,  be¬ 
cause  of  its  relatively  short  effective  range,  ft  in 
nola  suitable  replacement  for  the  2.36-in.  HEAT 
rocket. 
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SHAPED  charges 


L11C2 

Marine  Corps  Equipment  Board. 

DEMONSTRATION  OF  THE  ANTITANK  RIFLE 
GRENADE  (SPECIAL)  83-MM.  BLINDICIDE 
ROCKET,  AND  THE  3.5-IN.  ROCKET,  by 
[H.  C.  Tschirgi].  May  23,  1952,  {15]p.  Incl. 
illus.  tab]«.  {47  5,  Serial  D735Z)  Confidential 

Tests  were  conducted  to  determine  the  capabilities 
of  the  grenade  and  rockets  against  armor  plate 
targets.  Enerpu  Rifle  Grenade  (Special):  Against 
12-!n.  armor  plate,  at  0“  obliquity,  the  grenade 
penetrated  approximately  10.  5  in.  Also  at  0* 
obliquity  the  grenade  penetrated  7.5  in.  of  armor 
plate  after  penetrating  a  0.  5-in.  skirting  plate 
placed  4  in.  from  the  target.  At  55"  obliquity, 
complete  penetration  was  achieved  (approximately 
13  in.)  against  7.  5-in.  armor  plate.  Blindiclde 
Rocket:  At  0"  obliquity  against  a  target  cf  12-in. 
armor  plate,  the  rocket  penetrated  11.5  In., 
while  at  55°  obliquity  against  7.  5-in.  armor 
plate  complete  penetration  was  made.  3.  5- In. 
Rocket:  When  fired  at  0°  obliquity  against  12-In. 
armor  plate,  the  penetration  was  approximately 
11  in.  At  27°,  42°,  and  53°  obliquity,  penetra¬ 
tions  of  about  10.  5  in.  were  made;  the  rocket 
failed  to  penetrate  completely  at  55°  obliquity 
against  7.  5-ir..  armor  plate.  At  0°  obliquity 
ihe  rocket  penelrated  7.  5  in.  of  armor  plate  after 
passing  through  a  0.  5-in.  skirling  plate  4  In. 
from  the  target.  No  malfunctions  occurred  during 
the  tests.  A  comparison  of  their  characteristics 


follows: 

Round 

83  mm. 

3.5  in. 

Energa 

Length  of 
projectile 

23.75  in. 

23.55  in. 

15.  87  in. 

Weight  of 
projectile 

3.30  lb. 

8. 50  lb. 

1.  59  lb. 

Muzzle 

velocity 

660  ft./sec. 

340ft./scc. 

150  ft./sec. 

Max.  effect, 
range 

1163 

irshall,  A. 

330  yd. 

250  yd. 

100  yd. 

THE  DETONATION  OF  HOLLOW  CHARGES. 
Journal  of  the  Society  of  Chemical  Industry, 
v.  39,  Feb.  16,  1920:  3 ST. 

Historical  material  relating  to  the  discovery  of 
Ihe  shaped  charge  principle  is  given.  The  pene¬ 
trative  eiiect  of  the  shaped  charge  is  explained 
by  the  Interaction  of  tne  "primaiy"  and  "secondary" 
detonation  waves. 

LI  164 

Michigan  State  Coliege  (DA20-01B-OHD-13210). 
DEFENSE  AGAINST  LINED  SHAPED  CHARGES. 
Quarterly  orogress  rept.  no.  1.  Dec.  2,  1953, 
[32]p.  incl.  Illus.,  tables,  diagrs.  Confidential 

The  research  group  working  on  defense  against 
lined  shaped  charges  reported  that:  (1)  Hard 


laminated  steel  targets  composed  of  II  hacksaw 
blades  or  15  to  20  razor  blades  set  at  an  angle 
of  60°  to  the  path  of  the  jet  showed  promise  as 
a  defense  mechanism.'  (2)  Previous  findings  on 
hardened  steel  balls,  which  showed  an  effective¬ 
ness  of  2.  4  times  (on  a  density  basic)  the  resist¬ 
ance  of  mild  steel  to  jet  penetration,  were  sub¬ 
stantiated.  (3)  Jet  tapper  shots  were  fired  through 
various  combinations  ol  integrally  cast  fuzed 
silica  plates  in  steel.  (4)  Studies  of  the  merhanics 
of  jet  formation  and  penetration  and  the  resulting 
pressure  exerted  by  the  jet  were  made.  Data, 
including  target  description  and  residual  pene¬ 
tration,  are  given  for  the  various  test  firings.  In 
addition,  test  data  are  presented  for  3. 5-In. 
shaped  charges  fired  against  various  combinations 
of  fuzed  silica,  glass,  and  steel  at  Aberdeen  Prov¬ 
ing  Ground. 

L1165 

Michigan  Stale  College  (DA20-089-ORD-35608). 
DEFENSE  AGAINST  LINED  SHAPED  CHARGES. 
Quarterly  progress  repL  no.  1.  Jan.  10,  1953, 
78p.  Incl.  tables.  Confidential 

The  research  group  at  Michigan  State  College 
reported  that:  (1)  Abstracts  of  available  Carnegie 
Institute  ol  Technology  and  Fllntkote  Co.  repls. 
on  shaped  charges  were  prepared.  (2)  A  plan 
for  entering  data  In  a  concordance  on  "Factors 
Which  May  Influence  Defensive  Measures  [Against 
Shaped  Charges]"  was  formulated  and  a  tentative 
arrangement  Is  given.  (3)  A  study  ol  the  history 
of  the  piercing  jet  of  shaped  charges  was  made 
using  metallogranhic  studies  of  a  jet-pierced  bar 
of  machinery.  (4)  Chamberlain  shock-absorbing 
piles  indicate  some  defensive  merit  when  used 
with  glass  plate  armor,  but  not  when  employed 
beiween  steel  plates  alone.  (5)  Glass  cloth  and 
plastics  combinations  exhibited  no  exceptional 
resistance  io  ihe  jet.  However,  the  glass  cloth 
phen- formaldehyde  >-esin  formica  combination  is 
being  studied  further.  (6)  Experiments  and  cal¬ 
culations  were  carried  out  in  the  investigation  of 
the  destruction  of  the  jet  by  electrical  condenser 
discharge.  (7)  Studies  of  chemical  means  cl 
defense  indicated  that  chemical  reaction  rates  In 
the  order  of  exploding  dynamite  (40-60$)  were 
necessary. 

LI  158 

Michigan  Stale  College  <DA20-n89-ORD-35608). 
DEFENSE  AGAINST  LINED  SHAPED  CHARGES. 
Quarterly  progress  repL  no.  2.  Apr.  10,  1953, 
[172]p.  Incl.  tables.  Confidential 

The  research  group  at  Michigan  State  College 
working  on  shaped  charge  defense  reported  that: 

(1)  The  passage  of  a  jet  through  hard  steel  balls 
showed  considerable  decrease  In  residual  pene¬ 
tration  (about  2.  5  in.  of  steel  balls  equal  7  in. 
of  solid  steel).  (2)  Calculations  and  equipment 
assembly  lor  defeating  Ihe  jet  by  the  discharge  ol 
electrical  condensers  were  conlinued.  In  addition, 
electrical  condensers  were  used  to  detonate  ultra 
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high  speed  arc  firing  electric  caps  in  counter  ex¬ 
plosive  defense.  (3)  A  new,  simplified  concordance 
outline  on  shaped  charge  defense  was  prepared. 

(4)  Shaped  charge  defense  by  means  of  let-triggered 
counter  explosives  oilers  promise.  However,  such 
variables  as  amount  of  explosive,  strength, 
distribution,  triggering  delay  time,  and  detonation 
velocity  must.  be  evaluated  first. 

L1I6T 

Michigan  State  College  (DA2O-O89-ORD-350O2). 
DEFENSE  AGAINST  LINED  SHAPED  CHARGES. 
Quarterly  progress  rept.  no.  3.  July  10,  1953, 
(50]p.  incl.  tables,  diagrs.  Confidential 

The  research  group  at  Michigan  State  College  work¬ 
ing  on  the  defense  against  lined  shaped  charges 
x-eporied  that:  (1)  Jet  firings  through  blocks  of 
hardened  tool  steel  revealed  that  a  combination  of 
hardness  and  strength  or  size  and  Iiarbnes3  was 
needed  to  reduce  jet  effectiveness.  Further  study 
of  the  reduction  of  jet  effectiveness  caused  by 
hard  steel  and  hard  alloy  cast  Fe  balls  1.25  in. 
in  diameter  showed  that  the  balls  yielded  an 
average  effectiveness  factor  of  2  3/3  on  a  weight 
basis  as  compared  with  solid  mild  steel.  It  waa 
concluded  that  jet  effectiveness  was  decreased 
more  when  the  jet  encountered  junctions  of  balls 
rather  than  when  hitting  the  balls  squarely. 

(2)  Jet-triggered  counter  explosions  were  studied 
further  using  a  dynamite-filled  cell  fired  by  an 
ultra-speed,  arc -fired  cap  connected  in  series 
with  a  charged  condenser-bank  and  a  pair  of 
triggering  plates  separated  by  sheet  rubber.  The 
circuit  was  closed  and  the  cap  fired  by  the  passage  . 
of  the  jet  through  the  triggering  plates.  Distances 
between  the  plates  and  dynamite  were  varied  to 
determine  the  effect  on  the  residual  penetration  of 
the  Jet.  It  was  concluded  from  these  limited  tests 
that  there  was  no  valid  correlation  between  blast 
formation  time  and  residual  penetration.  (3)  Evalu¬ 
ations  were  made  on  the  protective  value  of 
sandwich- type  assemblies  composed  of  metallic 
and  nonmetafllc  materials.  Test  firings  showed 
that:  (a)  on  the  basis  of  weight,  glass  offered  more 
protection  than  steel;  (b)  steel  and  glass  blocks 
of  cast  lamellar  construction  offered  more  pro¬ 
tection,  even  ailer  repeated  shets  into  the  same 
area,  than  did  glass  blocks  having  steel  cover 
plates.  Equivalence  ratio  data  and  firing  data 
including  residual  penetration  are  given  In  ac 
appendix. 

LI  168 

Michigan  State  College  (DA20-089-ORD-35508). 
DEFENSE  AGAINST  SHAPED  CHARGES.  Final 
rept.  Aug.  10,  1953,  [78]p.  incL  tables,  dlagrs. 

Confidential 

An  evaluation  of  experimental  and  theureiical 
work  on  defense  against  shaped  charges  was 
made.  It  was  concluded  that:  (1)  stee!  balls  1  ir.. 

In  diameter  offered  greater  jet  resistance  than 
any  other  mechanical  means  tested,  being  equal 
to  2-3/8  times  of  mild  steel  on  a  weight  basis, 


(2)  it  may  be  possible  to  store  sufficient  energy 
In  an  electrical  condenser  to  Interfere  with  the 
penetrating  power  of  the  Jet  by  influencing  the 
direction  of  the  Jet  particles;  (3)  any  defense 
mechanism  using  chemical  reactions  must  have  a 
reaction  rale  of  explosive  dimensions;  (4)  a 
detailed  concordance  on  all  shaped  charge  litera¬ 
ture  should  be  prepared;  (5)  sandwteh-typn 
assemblies  of  integral  quartzite  In  steel  offered 
the  moot  promise  against  shaped  charge  jets.  lit 
addition,  equivalence  rallo  data  and  firing  table 
summaries  including  reslduzl  penetration  data 
are  given  In  an  appendix. 
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Michigan  University  (W33-038-ac-14222), 
APPLICATION  OF  THE  SHAPED  CHARGE 
PRINCIPLE  AND  THE  MIS2NAY-SCHARDIN 
EFFECT  TO  THE  WIZARD  ORDNANCE  PROB¬ 
LEM,  by  f'.  B.  Cline.  Nov.  6,  1947,  17p.  incL 
dlagrs.  (Proj.  no.  MX-794,  External  memo  no. 
UMM-15)  TIP  $98  Secret 

Shaped  charges  were  studied,  in  this  investigation 
of  methods  for  obtaining  a  directed  and  controlled 
cor.e  or  fire  for  an  anti  V2  guided  missile.  The 
first  tentative  design  consists  of  using  7  separate 
shaped  charges,  each  charge  being  similar  to 
the  US  Army  M3  demolition  charge  ar.d  weighing 
40  lb.  These  charges  are  rigidly  mcuited  in  the 
nose  ot  the  final  stage  of  the  missile,  6  in  an  outer 
ring  and  1  in  the  center.  The  center  lines  of  the 
charges  are  so  aligned  with  the  axis  of  the  missile 
that,  when  Initiated,  they  will  form  a  forward 
firing  cone.  A  discussion  is  included  on  the 
Misznay-Schardin  effect  (regarded  as  a  compro¬ 
mise  between  the  Hopkinson-Bar  clfect  and  liner 
collapse)  which  offers  the  possibility  of  variation  of 
fragment  size,  variation  of  density  and  cone  angle 
or  direction  oi  fragment  spray,  high  initial  burst 
velocity,  and  any  desirable  compromise  between 
density,  range,  and  cone  angle  of  fire.  The  fun¬ 
damentals  of  jet  formation  and  liner  collapse 
are  discussed. 

L1170 

Midwest  Research  Institute  (DA23-07.2-ORD-264). 
RESEARCH  AND  DEVELOPMENT  OF  MULTI¬ 
PURPOSE  LIGHTWEIGHT  ANTITANIC  WEAPON, 
by  A.  D.  St.  John  and  M.  B.  Thompson.  Progress 
rert.  no.  8,  July  1-31,  1952.  23p,  incl.  illua. 
tables,  diagr.  (Proj.  no.  TS-4018;  MRI  proj. 
no.  637-E-65)  AD-22  456  Confidential 

Development  studies  of  the  T274  rocket-assisted 
HEAT  projectile  are  continuing.  The  rocket  . 
motor  of  this  round  spins  to  provide  stability, 
while  the  shaped  charge  warhead  maintains  little 
or  no  spin  to  offer  the  possibility  of  maximum 
penetration.  The  estimated  weight  and  moments  of 
inertia  for  the  HEAT  RA  projectile  are: 

Weight 

warhead  section  (nonrotatlng)  =  6.07  lb. 
rocket  motor  section  (rotating)  =  9. 03  lb. 
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Moment  of  inprtia 

~fSS^"inonrotatlng)  -  w = 

transverse  moment  of  inertia 

472ioct/ioqx/rreprcjec,iiei= 


^RiSS™1 A^rH!"*0  fDA33-07;?-ara-2G4). 

CH  AND  DEVELOPMENT  of  Mil)  ti 

by  A*  rS1LrTG,(,TWEIGHT  ANTITAt«  WEAPON 
by  A.  D.  St.  John  and  M.  B.  Thompson  o-„ 

rept.no.  15,  Feb  1-28  1553  n  ,  ,“1firf8S 

•XW.  <»Al.  no.  Si.’,  » 

rIwpmo?1  r  7!d  devel°ptnent  studies.of  :he  HEAT 

™&:;Mr“SSoF 

sh”"td  *  «»<«  ££* 
of  *»  44  2‘  94  •  P- E-  “  compared  with  a  spin  rate 
of -44  r.  p.s.  f0r  round  n0_  B2.j,  P'”™* 

ft  is  proposed  to  use  nylon  bearings  in  the  T274 * 

s^aassiiH. 

U1I72 

MipESEARCP  A^" n^,te  'DA23-P™ORD-264) 
.£.oc,ARCfi  AND  DEVELOPMENT  op  mrMrrr~ 

kt »u?r'^nr  ss» 

rept.no.  28,'  Mar  T  31^  igM^io0^'  PrDEress 
n0' 

Confidential 

HFATntiC  ??  t0StS  Were  mado  on  the  HNR  T274 

shaped  charge  effective.^  ht preV^nT^ 
anaiysis  of  the  limited  test  dam. 

e  pm.  rate  o.  a  similar  round  using  a  nylon  ’ 
bearing  would  equal  250-300  r.  p.  s.  V 


Military  Attache,  Argentina. 

ARC tZTZD ES  OF 

Confidential 

Mention  is  made  *>f  nn  aotPark  pr^r-n-  /«  , 

l*Trir:"  ,r™ 

shell.  The  gi cna.de  was  fired  against  a  2- in 
thick  armor  plate  about  40  ft.  from  the  rifle 


SECRET 


mounted  on  a  tripod.  Approximately  6  In  ,rnm 

..on  ■ 

way  through  the  plate  and  entered  the  Interior  al 
3*  temperature  over  20D o3r*  tk^..  ^  ***■ 

no, .a  ante ,E*  >■'*  ™  *»  spelling 


Military  Attache,  Cairo. 

HOLLOW  CHARGE  AMMUNITION.  May  22  1042. 

4p-  IncL  diagr.  (MA  Cairo  rept.  no.  2M3)  ^ 

Confidential 

SummnlS.afe  KiVLen  frotn  GHQ-  MEF  Intelligence 
Summaries  no.  715  and  722  on  German  shaped 

fs  presorTr  a'^  ^  "0  technlc;iI  ‘-'formation 

s  presented.  A  diagram  is  shown  of  a  German 
shaped  charge  rifle  grenade.  merman 


Military  Attache,  Cairo 

(MA  Cairo  rept.  no.  2961)  Confidential 

•  shaoed'ehi*0"  ?.rav/I^  arc  Presented  of  a 

Sk  38  The  ri?"  f°r  lhE  Geru,an  75-mm- 
no  75  of  MMrif  ?  ^  rCprc'i,Jced  from  Issue 
Summary.  6  S‘  T'chnlcal  diligence 


Miiitary  Attache,  Cairo. 

A?°rrm  BT°N!B  FOR  THE  GERMAN  37-Mil. 

AT  GUN.  Jan.  IB,  1943,  4p.  dinars  fMA 
Cairo  rept.  no.  2936)  c^„tM 

whSTs  simuarl  dCl3i,ed  °f  <'ds  bomb, 

ih  o  u  ho  ra  lar  ,D  3  sP‘H°t  mortar  bomb  except 

the  barrel  “  P®norated  sle^e  which  fits  over  ^ 

t.on  was  ex-rartXr’n3?  preSent(?d-  The  informa- 
-ro„i  j  S  aLted  from  Issue  no.  78  of  the 

MI  10 '  G Ho'' eM^r'CMSUJTnrn:,ry  P-blfsbed  by 

ihe  h  ’  .  No  data  on  the  performance  of 

the  bomb  were  available.  F««irmance  of 


Military  Attache,  France. 

rept.  „i  Sspi'  1Uer‘-  I'M  F„„„ 

Secret 

72?  F?ar.J-  Br3nd‘  Co-  is  developing  a  heavy 
n.1,'  h.  ,A3^  rocta  launcher  called  ’’SNEB” 

3-  5  ft.  Tong  is  m  2  which  is  about 

tains  the  "haned  cVarPce  an'riThe  UPPCr  Part  Con- 

«  *  yZssxsstt? 
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part  contains  the  propellant  which  escapes  through 
Inclined  rents  at  the  rear  of  the  projectile  thus 
Imparting  spin.  The  spin  provides  gyroscopic 
stabilization  in  flight,  and  because  of  the  ball 
bearings  the  spin  is  not  imparted  to  the  shaped 
charge  portion  of  the  projectile. 

him 


Military  Attache,  France. 

NON-DETECTABLE  ANTITANK  MINE,  by 
L.  M.  Riley.  Dec.  7,  1950,  lp.  (MA  France 
rept.  no.  R769-50)  Secret 

The  Edgar  Brandt  Co.  is  developing  a  shaped 
charge  antitank  mine  which  has  a  plastic  cover 
approximately  10  in.  long  and  8  in.  In  diameter. 

It  is  devised  to  be  used  In  pairs  with  an  ac¬ 
companying  activating  and  firing  device.  In  the 
opinion  of  the  author  its  size  and  height  are  dis¬ 
advantages  because  a  fairly  targe  hole  is  neces¬ 
sary  in  order  to  plant  and  hide  this  mine.  It  could 
be  used  in  deliberate  mine  laying  operations,  but 
would  be  a  considerable  disadvantage  for  any 
hasty  minefield  operations, 

LI  179 

Military  Attache,  France. 

120- MM.  HOLLOW  CHARGE  BAZOOKA,  by 
L.  M.  Riley.  Dec.  7,  1950,  lp.  (MA  France 
rept.  no.  R770-50)  Secret 

About  100  rounds  were  fired  at  panels  100,  300, 
and  500  m.  from  the  firing  point.  Fairly  uniform 
results  were  obtained.  A  ball-bearing  rotational 
device  was  used  to  keep  the  shaped  charge  from 
excessive  rotation.  Experiments  showed  that 
while  the  shaped  charge  turned  to  a  very  small  de¬ 
gree,  il  performed  well  within  the  effective  limits. 
The  rocket  launcher  will  be  carried  on  a  jeep  or 
small  weapons  carrier.  The  effective  range  can 
be  increased  up  to  about  1000  m. 

L1180 

Military  Attache,  London. 

MUNROE  EFFECT  AND  CHARGE  FOR  PENE¬ 
TRATING  CONCRETE.  (Abstract).  fJan.  6,  1942], 
lp.  (MA  London  rept.  no.  461 17)  Confidential 

A  5-lb.  charge  containing  an  89°  liner  was  fired 
at  a  standoff  of  4. 5  in.  A  2.  5-In.  diameter  hole, 

2.  5  ft.  in  depth  was  produced  in  the  heavily  rein¬ 
forced  concrete  target.  A  second  charge  detonated 
over  the  hole  increased  its  depth  by  2  ft.  It  was 
concluded  that  to  double  the  hole  depth,  all  linear 
dimensions  including  the  distance  from  the  target 
must  be  doubted  and  the  charge  weight  increased 
8  times.  Consequently,  a  40-lb.  charge  produced 
a  hole, 4.  5  in.  in  diameter, 3  ft.  deep.  It  was 
decided  that:  (1)  thickness  and  material  of  container 
are  important;  (2)  for  the  5-lb.  charge,  l/8-in. 
malleable  Fe  casting  was  most  suitable;  (3)  the 
liner  angle  must  be  80";  (4)  the  standoff  distance 
must  be  from  2/3  to  1-1/3  charge  diameters; 

(5)  the  explosive  should  be  TNI',  Nobel  808,  or 
plastic  HE. 


L11D1 

Military  Attache,  London. 

TESTS  TO  ESTABLISH  EFFECT  ON  MAXIMUM 
PENETRATION  BY  CHANGING  (1)  DISTANCE 
FROM  CONE  TO  TARGET;  (2)  EXPLOSIVE 
FILLING;  (3)  CONE  MATERIAL,  (4)  POINT  OF 
INITIATION.  Aug.  19,  1942,  [5]p.  incl.  diagrs, 
(Interim  rept.  nos.  i  and  2  on  the  HoUow  Charge; 

MA  London  rept.  no.  49053)  Confidential 

Variation  of  distance  showed  maximum  penetration 
at  the  [siandofi]  distances  given  below  for  3  ex¬ 
plosives: 

PE  (RD  no,  1031)  7.5  in.  =2-1/8  diameters 

Nobel  808  9. 5  Ini  =2.75  '* 

TNT/PETN  (75/25)  12  in.  =3.5  " 

(distance  measured  from  base  of  the  liner 
to  target) 

PE  showed  z  decided  decrease  in  penetration  past 
that  point;  with  the  other  explosives  the  decrease 
was  gradual.  Steel  liners  showed  a  greater  pene¬ 
tration  (average  1  in.)  tlan  brass  liners;  the  steel 
liners  performed  best  at  a  10-  in.  standoff,  while 
the  brass  linersoptimum  standoff  was  1.2  in.  Both 
tests  were  made  with  14  GA  gauge  and  808  filling. 
Tests  made  with  charges  using  a  central  core 
shoved  that  the  optimum  distance  might  vary  and 
was  less  when  the  central  core  was  used.  Further 
tests  with  the  same  type  charges  and  containers 
showed  that  with  PE,  brass,  and  Mo  bronze  were 
more  effective  than  mild  steel;  the  optimum  thick¬ 
ness  was  1/50  of  the  diameter;  however,  the 
reduction  of  penetration  up  to  twice  the  optimum 
was  only  slight.  With  TNT,  brass  was  more 
effective  than  steel  with  a  thickness  1/50  of  the 
diameter;  preliminary  results  fended  to  show 
thicknesses  below  1/50  of  the  diameter  best. 

Steel  was  better  than  brass  with  Nobel  806  for  a 
thickness  approximately  1/50  of  the  diameter.  It 
was  concluded  that  TNT/PETN  (75/25)  may  be  a 
suitable  substitute  for  Nobel  80G  If  brass  liners 
are  used  and  a  plastic  explosive  is  unnecessary. 

LI  182 

Military  Attache.  London. 

2000-LB.  CfAPITAL]  S[HIP]  BOMB.  Dec.  26, 
1942,  3p.  (MA  London  rept.  no.  52644)  Secret 

A  brief  summary  is  given  of  a  CS  bomb  27  in.  in 
diameter,  with  a  total  weight  of  2000  lb.  and  an 
over-all  length  of  72  in.  The  bomb,  when  released 
under  normal  conditions,  would  be  capable  of 
perforating  the  armored  portion  and  bottom  of  a 
ship  having  "Tirpitz”  construction.  In  case  of 
near  misses,  ti.e  CS  bomb  would  have  a  very  ef¬ 
fective  side  blast. 

L1183 

Military  Attache,  London. 

GERMAN  ANTITANK  MAGNETIC  HOLLOW 
CHARGE,  by  S.  O.  H.  Dobbins.  Mar,  11,  1943, 

5p.  incl.  illus.  (MA  London  rept.  no.  54B17) 

Unclassified 

Photographs  and  a  cross-sectional  drawing  of  a 
German  anlitank  magnetic  shaped  charge  are  shown. 
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Mili'ary  Attache,  London. 

?  -LB.  ANTISUBMARINE  BOMB  (HOLLOW 
•.BARGE)  (BRITISH).  Mar.  15,  1943,  4p.  incl. 
diagrs.  (MA  London  repi.  no.  54919)  Secret 

The  35-'b.  antisubmarine  Mark  I  bomb  snowed 
promising  results  against  simulated  submarine 
targets.  The  bnmb  contained  16  lb.  of  RDX/TNT 
which  was  held  in  place  by  a  lii.er  7/32  in.  thick 
and  weighing  4  lb.  A  drag  disc  was  welded  to  the 
fin  assembly  in  order  to  facilitate  entry  of  the 
bomb  into  the  water.  The  disc  decreased  the  bomb 
terminal  velocity  from  approximately  550  ft./sec. 
to  approximately  320  ft./sec.  and  made  the  bomb 
less  stable. 


Military  Attache,  London. 

ROTATED  HOLLOW  CHARGE  PROJECTILES. 
Apr.  20,  1943,  3p.  (MA  London  repL  no.  56025) 

Confidential 

British  research  indicated  that  the  optimum  apex 
angle  for  an  unrotated  lined  shaped  charge  is  00°; 
American  experience  indicated  an  optimum  angle 
of  about  45c.  The  effect  of  rotation  is  discussed; 
it  was  concluded  thal  an  apex  angle  of  45°  would 
not  produce  loo  wide  a  jet  to  be  effective  and  that 
a  nose  fuze  conserves  standoff  better  than  a  base 
fuze.  Neither  type  of  fuze  was  found  to  be  as 
effective  as  the  spitback  fuze  employing  a  small 
lined  shaped  charge  (Fuze  no.  233). 

L1180 

Military  Attache,  London. 

ROTATED  HOLLOW  CHARGE.  June  27.  1944,  - 
2p.  (MA  London  rept.  no.  69384)  Secret 

A  brief  rept.  is  made  of  a  conference  held  at 
Fort  Ilalslcad  to  discuss  the  British  status  on  the 
study  of  rotated  shaped  charges. 

LI  187 

Military  Attache,  London. 

60-LB.  HOLLOW  CHARGE  HEAD  FOR  AIR¬ 
CRAFT.  ROCKET  (BRITISH].  Jan.  9,  1946,  lp. 
diagrs.  (MA  London  rept.  no.  R95-46) 

Confidential 

Detailed  drawings  arc  given  for  the  60-lb.  shaped 
charge  rocket  shell. 

1,1188 

Military  Attache,  London. 

FOREIGN  DEVELOPMENT  OF  SHAPED 
CHARGES,  by  F.  F.  Reed.  Feb.  16,  1946,  9p. 

(MA  London  rept.  no.  R609-46)  Restricted 

The  bibliography  lists  repts  on  German  gun  am¬ 
munition.  antitank  rocket  projectiles,  antitank 
grenade,  demolition  stores;  Italian  gun  ammunition; 


a  Japanese  grenade;  War  Office  Technical  In¬ 
telligence  Summaries;  repts.  from  Armament 
Research  Department,  Halstead  Exploiting  Centre, 
and  from  the  Chief  Engineer,  armament  Division. 

L118D 

Military  Attache,  London. 

TEST  OF  60-LB.  HOLLOW  CHAltGE  ROCKET 
HEAD  AGAINST  GERMAN  TANKS,  by  F.  F.  Reed. 
Mar.  20,  1546,  iOp.  incl.  diagrs.  (MA  London 
rept.  no.  R1G6C-48)  Confidential 

The  HE,  GO-ib.  CP  shell  was  designed  to  produce 
a.  good  fragmentation  effect  against  vehicles  and 
personnel,  and  sufficient  AP  performance  to  pene¬ 
trate  heavy  tanks.  The  shell  was  tested  against 
German  Panther  tanks  to  determine  the  resulting 
damage;  live  rabbits  were  placed  in  the  driver's 
compartment  lo  assess  probable  effect  on  tank 
occupants. 

L11B9 

Military  Attache,  London. 

CASUALTIES  AMONGST  ARMORED  UNITS. 

(1)  A  SURVEY  OF  CASUALTIES  AMONGST 
ARMORED  UNITS  AND  (2)  CASUALTIES  IN 
ARMORED  FIGHTING  VEHICLES.  July  9,  1946, 
lip.  (MA  London  rept.  no.  R2192-46)  Secret 

The  rept.  is  concerned  with  casualties  resulting 
from  penetrations  by  shaped  charges  and  AP 
shells.  Over  30  j  of  the  casualties  were  caused  by 
shaped  charge  weapons,  the  most  prevalent  ol 
which  was  the  Panzerfaust.  The  casualties  are 
analyzed  by  type  of  tank,  crow  position,  and  place 
of  penetration. 

L1191 

Military  Attache,  London. 

CONFINEMENT  OF  EXPLOSIVE  CONED 
CHARGES,  by  R.  Farrent.  Sept.  9,  194G,  3p. 
incl.  diagrs.  (MA  London  rept.  no.  E4321-46) 

Restricted 

An  investigation  was  made  of  the  effect  of  liner 
thickness  for  confined  and  unconfined  charges  on 
maximum  penetration. 

L1192 

Military  Attache,  London. 

RESEARCH  IN  FRANCE  BY  GERMAN  SCIEN¬ 
TISTS,  by  F.  F.  Reed  and  others.  Oct.  11,  1946, 
I2p.  (MA  London  rept.  no.  R4131-46) 

Confidential 

A  brief  survey  of  the  work  of  about  90  German 
scientists  at  Saiiil- Louis  (France),  who  are  under 
the  direction  of  Prof.  Schardin,  is  presented.  De¬ 
tails  of  research  and  apparatus  are  given  on 
spark  photography  technique,  penetration  of  armor 
plate,  theory  of  armor  plate  penetration,  shaped 
charges,  interferometer  techniques  and  theory, 
high  speed  cathode  ray  oscillography,  and  ballistic 
aerodynamics. 
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L1193 

Military  Attache,  London. 

DISTANT  OPERATING  HOLLOW  CHARGES. 

Nov.  13,  1946,  (7]p.  tncL  tables.  (MA  London 
rept.  no.  R4B49-4G)  Secret 

During  trials  on  the  Munroe  effect,  11  was  shown 
that  the  large  shaped  charges  (H.  15)  showed 
considerable  armor  piercing- capabilities  even  at 
distances  of  10  to  20  m.  Plates  of  90  to  120 
l:g.  /mm?  strength  and  captured  Russian  fcanJcs 
were  used.  Three  types  of  liners  were  used:  a 
steel  liner;  a  HE  liner  consisting  of  a  steel  liner 
fitted  '.Hth  a  charge  which  detonates  when  the 
liner  strikes  a  surface;  and  a  shrapnel  liner, 
made  up  of  small  pieces  of  metal.  Four  different 
explosives  were  employed,  TNT,  TH11,  RDX/TNT, 
and  Trlalen.  The  charges  tested  weighed  from  14.5 
to  17.  5  kg.  and  contained  from  3.  5  to  1C.  3  kg.  of 
explosive.  At  20  m.  a  250-mm.  diameter  hole 
was  made  in  100  mm.  plate;  at  50  m.  a  200-mm. 
hole  was  made  in  80-mm.  plate.  Trialci)  was  the 
most  effective  explosive. 


LI  194 

Military  Attache,  Parle. 

FRENCH  EXPERIMENTAL  WEAPONS;  EXTRACT 
OF  REPORT  BY  TEE  CO  OF  THE  BRITISH 
RADAR  TEAM  PARTICIPATING  IN  THE  MILI¬ 
TARY  DEMONSTRATION  AT  BOURGES, 

.  10  MAY  1946.  June  13,  1946,  3p.  (MA  Paris 

rept.  no.  R312-4G)  Secret 

01  the  weapons  demonstrated  by  the  French  Army, 
only  1  was  a  shaped  charge  weapon.  This  was  the 
"plate"  charge  or  "Assiette”  being  deve'eped  from 
a  point  reached,  by  previous  German  researches, 
and  based  on  the  Misznay-Schardin  principle.  The 
bomb  was  about  the  size  and  shape  of  a  dinner 
plate,  being  concave  on  1  side  ar.d  convex  on  the 
other.  11  was  fired  by  an  electric  detonator  at  the 
axis.  The  convex  side  was  thicker  and  the  rasing 
so  designed  tliat  the  explosion  was  evenly  dis¬ 
tributed  across  this  side.  Method  of  firing  and 
the  results  are  briefly  described. 


L1195 

Military  Attache,  Paris. 

FRENCH  "FLAT”  OR  "DISH"  CHARGE.  Feb.  23, 
1947,  4p.  (MA  Paris  rept.  no.  R176-47)  Secret 

A  weapon  is  described  which  consists  of  a  slightly 
dished  mild  steel  plate  placed  concave  side  up  on 
top  of  a  charge  of  TNT  or  other  high  explosive, 
formed  to  fit  the  bottom  of  the  plate  and  to  be  in 
direct  contact  with  it.  Mention  is  made  of  2 
methods  ol  firing  this  charge.  Characteristics  are 
listed  for  fha  flat  charge,  which  Is  of  German 
design,  and  at  the  time  of  this  rept.  was  being 
developed  by  Schardin  for  tne  Trench.  (Sec  also 
Item  no.  LI146.) 


LX196 

Military  Attache,  Switzerland. 

EDGAR  BRANDT  ANTITANK  RIFLE  GRENADE, 
by  A.  T.  Hamilton.  Oct.  20,  1945,  3p.  illus. 

(MA  Switzerland  rept  r.o.  R260-45)  Restricted 

The  antitank  rifle  grenade  designed  by  Edgar 
Brandt  Is  described.  The  grenade  contains  a 
shaped  cliarge  which  is  larger  than  that  usually 
employed  in  rifle  grenades,  but  the  light  weight 
of  the  rneial  components  results  In  a  grenade 
weight  of  1. 93  lb.  The  grenade  was  designed  to 
be  fired  from  the  standard  lib  Army  rifle  grenade 
launcher  using  a  standard  US  grenade  cartridge. 

The  Swiss  found  that  the  grenade  successfully 
perforated  150  ni.-u.  of  steel  armor  plate.  The 
best  effective  range  was  found  to  be  from  30  to 
50  m.  for  ordinary  operations.  The  grenade  func¬ 
tioned  properly  when  lired  against  armor  plate 
at  angles  up  to  45”.  The  sensitivity  of  the  fuze, 
after  arming,  was  demonstrated  by  firing  grenades 
from  a  rifle  held  parallel  lo  the  ground  so  that  the 
grenade  merely  grazed  the  ground.  The  fuze 
fired  successfully.  Firing  was  also  conducted 
against  an  empty  burlap  sack  suspended  In  the  air 
lo  prove  the  sensilivity  of  the  fuze  after  arming. 

An  inclosure  to  the  rept.  describes  the  antitank 
rifle  grenade,  Ene.gx. 

L1197 

[Military  Intelligence,  GS.  Brit}. 

[TECHNICAL  INTELLIGENCE  SUMMARY  NO.  6]. 
(Aug.  14,  1943],  PartV,  p.  12-13,  AnnexesC-E. 

Confidential 

The  part  of  this  rept.  dealing  with  shaped  charges 
describes  the  German  magnetic  antitank  charge 
and  the  400-g.  demolition  charge. 

L1198 

Military  Intelligence  Division,  War  DeparimenL 

THE  HOLLOW- CHARGE  PROJECTILE.  Aug.  1943, 
ISp.  incl.  illus.  tables.  (PACMIRS  document 
no.  2003)  (Trans,  as  PACMIRS  Technical  Service 
Irans.  no.  15,  Aug.  27,  1945)  Confidential 

This  translation  of  a  Japanese  document  covers 
shaped  charge  history,  principles,  function, 
characteristics,  structure,  and  the  use  of  shaped 
charge  ammunition  with  specific  attention  to 
artillery  shells  and  antitank  projectiles. 

L1199 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir. 

[A  DESCRIPTION  OF  NATO  MINE  WARFARE 
MATERIEL,  by  J.  F.  McCaslin],  m  d. ,  p.  9-25 
(Exhibit  B  in  its  Proceedings  of  the  Panel  on 
Tactical  Land  Mine  Warfare  convened  at  the 
Engineer  Center,  Fort  Belvolr,  Va. ,  May  4, 

1953,  Secret,  AD-27  403)  Secret 

The  following  shaped  charge  mines  are  briefly 
described:  French— (1)  Two  types  of  AT  Model  51 
shaped  charge  mines,  1  using  a  steel  liner  and 
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.  ... _ -I-  —  hnth  '7  cm.  tn diameter, 

penetrated  100-150  cm.  in  armor  plate.  (2)  The 
double  shaped  charge  mine,  made  Irom  ?.  STRIM 
rifle  crecades  or  rocket  lieads  and  connected  by 
about  12  ft.  of  rubber  hose,  when  buried  under 
2  in.  of  earth  perforated  a  4.- In.  armor  plate 
21.5  in.  2bove  the  ground.  Italian— The  slngle- 
Jet"  Bjmbrini-Parodi-Delfino  shaped  charge  with 
a  no  nee  m1.  lie  liner  gave  the  same  penetration  an 
those  with  metallic  liners.  This  mine  employs  a. 
covpr  directly  over  the  base  of  the  liner  without 
the  standoff  covers  conventionally  found  in  US 
shaped  charge  devices.  An  igniter  llghta  a  pad 
oi  black  powder  on  the  inner  side  of  this  cover, 
which  builds  up  pressure  and  flashes  through  a 
hole  in  the  apex  of  the  liner  to  Ignite  the  booster’ 
and  set  off  the  main  charge  In  many  cases,  the 
black  powder  in  blowing  off  the  cover  removes 
all  the  dirt  from  the  tap  of  the  mine. 


L12Q2 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir. 

.  DEVELOPMENT  OF  SHAPED  CHARGES. 

Nov.  1951,  [5]p.  (Appendix  F-4  of  its  Annex 
no.  3  to  Proceedings  of  the  Panel  on  Tactical 
Land  Mine  Warfare.  Rept.  of  the  Committee  on 
Research  and  Development  convened  at  the 
Engineer  Center,  Fort  Belvoir,  Va. ,  May  4,  1553, 
Secret,  AD-27  444)  3ccrel 

The  operational  and  physical  characteristics  of 
a  family  of  shaped  charge  mines,  ranging  from  a 
single  Jet  mine  for  deep  burial  to  a  multljet  mine 
for  shallow  burial,  arc  given.  .Preliminary  designs 
have  been  prepared,  based  on  the  results  of 
limited  firings  of  shaped  charge  munitions  through 
soil.  Brief  descriptions  of  the  T23,  T24,  T25, 

T26,  and  T2SE1  shaped  charge  mines  under  de¬ 
velopment  at  Picatlnny  Arsenal  are  also  presented. 


L1200 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir, 
STATUS  OF  ORDNANCE  RESEARCH  AND 
DEVELOPMENT  OF  MINE  WARFARE 
MATERIEL,  by  J.  R.  Browder,  md.,  [16jp. 
(Appendixes  C  and  D-l  of  its  Annex  no.  3  t*> 
Proceedings  o!  the  Pane!  on  Tactical  land  Mine 
Wanarc.  Repl.  cf  the  Committee  on  Research 
and  Development  convened  at  the  Engineer  Center, 
FortBelvoir,  Va.,  May  4,  1953,  Secret, 

AD-27  444)  Secret 

The  shaped  charge  land  mines  designated  T23, 
T24,  T25.  T26,  T28.  T29,  and  730  are  briefly 
described.  Data  on  their  size,  liner  material, 
over-all  weight,  chas  ge  composition  and  weight, 
fuzing,  and  emplacement  location  arc  given  in 
tabular  form. 


L1201 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir. 
THE  STATUS  OF  RESEARCH  AND,  DEVELOP¬ 
MENT  OF  MINE  WARFARE  MATERIAL,  by 
A.  C.  Wei’s,  Ir.  n.d. ,  [I3]p.  (Appendixes  C 
and  D  ol  its  Annex  no.  3  to  Proceedings  of  the 
Mine  Warfare  Panel.  Rept.  of  the  Committee  on 
Research  and  Development  convened  at  the 
Engineer  Center,  FortBelvoir,  Va.,  Feb.  It, 
1952.  Secret,  AD-12  469)  Secret 

In  this  study  on  the  tactical  aspects  of  land  mine 
warfare,  the  following  shaped  charge  land  minea 
are  briefly  describedi  (1/  the  T23,  single  jet, 

4. 5-irv.  diameter,  A1  liner,  3.  5-lb.  Comp.  B 
charge;  (21  the  T24,  single  Jet,  6-in.  diameter, 

A1  lir.er  charge;  (3)  the  T28,  single  jet,  4.  5-ln. 
diameter,  3.  5-lb.  Comp.  B  charge;  (4)  ttie  T25, 
multijet,  12-in.  hemisphere,  7  steel-liner, 

12-lb.  Ccmp.  B  charge;  (5)  the  T26,  multljet, 
22-in.  diameter,  7  steel-liner,  14-lb.  Comp.  B 
charge;  (6)  the  T29  (design  stage),  9-in.  diameter, 
11-lb.  Comp.  B  charge;  and  (7)  the  T30  (design 
stage),  9-ln.  diameter,  10-to  11-lb.  Comp.  B 
charge. 


L1203 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir. 
THE  PRESENT  STATUS  OF  RESEARCH  AND 
DEVELOPMENT  IN  ENGINEER  MINE  WAR¬ 
FARE  MATERIEL.  May  1953,  [44]p.  (Appendix 
D-2  of  its  Aon  ex  no.  3  to  Proceedings  of  the  Panel 
on  Tactical  Land  Mine  Wartare.  Rept.  of  the 
Committee  on  Research  and  Development  convened 
at  the  Engineer  Center,  Fort  Belvoir,  Va., 

May  4,  1953,  Secret,  AD-27  444)  3ecret 

The  linear  shaped  charge  snake  "Diamond  Lll", 
which  clears  pressure  actuated  mines  by  mean3 
of  a  linear  shaped  charge  Jet  arid  accompanying 
pressure,  is  briefly  described.  This  device 
uses  the  "shaped  charge"  principle  by  emplacing 
2  linear  "V-shaped"  hollow  troughs  along  the 
length  of  the  line  charge  (300  ft.  or  more).  Tests 
are  being  conducted  lo  determine  optimum  charge 
weight,  trough  angle,  ar.d  trough  orientation  with 
respect  to  the  ground.  In  addition,  the  method  of 
operation  ami  the  physical  characteristics^)!  the 
shaped  charge  mine  layers  "Tom  Cat",  "Knotty 
Pine".  "Lazy  Tom  ',  and  "Black  Cat"  are  given, 
dher  mine  warfare  materiel,  including  mine 
detectors,  are  also  mentioned. 


L1204 

Mine  Warfare  Panel,  Engineer  Center,  FortBelvoir. 
PRESENTATION  ON  BRITISH  RESEARCH  AND 
DEVELOPMENT  IN  LAND  MINE  WARFARE 
MATERIEL,  by  S.  Lynn.  May  1053,  9p.  [Ap¬ 
pendix  E  of  its  Annex  no.  3  to  Proceedings  ol  the 
Panel  on  Tactical  Land  Mine  Warfare.  Rept.  of 
the  Committee  on  Research  and  Development 
convened  at  the  Engineer  Center,  FortBelvoir, 
Va.,  May  4,  1353,  Secret,  AD-27  444)  Secret 

In  this  survey,  brief  descriptions  are  given  of 
British  land  mines  using  the  Misznay-Schardln 
effect.  A  small  shaped  charge  antipersonnel 
mine  having  a  60°  liner  pressed  from  polystyrene 
and  capable  of  penetrating  0.  25-in.  plate  is  also 
mentioned. 
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L12U5 

Minlstbre  dc  la  Defense  Rationale. 

FRENCH  AP  RIFLE  GRENADE.  July,  I960,  4p. 
illus.  (Inclosure  2  to  ORD-TRART-LR-239, 

Rept.  on  French  and  Belgian  Developments  Anti¬ 
tank  Rocket  Launchers  and  Rifle  Grenades  from 
US  User  Representative  tor  Infantry) 

Confidential 

Base  fuze  prtmir.g  in  the  73-mm.  grenade  permits 
better  functioning  of  the  shaped  charge  and  greater 
uniformity  of  target  perforation.  Against  homo¬ 
geneous  steel  armor  plate,  the  grenade  penetrates 
240  to  250  mm.  at  normal  obliquity  and  CO  to 
100  mm.  at  00°  obliquity  at  ranges  up  to  250  m. 
This  weapon  is  capable  of  defeating  the  newest 
•  armored  ianfe. 


L12O0 

Ministry  of  Supply  (Gt.  Brit.). 

SHAPED  CHARGES-SES3ION  iJA.  July  1953, 
p.  XI,  40-41.  (in  its  Rept.  on  the  Fifth  Tripartite 
Conference  on  Armaments,  Explosives,  and 
Propellants  held  at  London,  Apr.  13  -  24,  1953, 
Secret,  AD-19  520)  Secret 

In  the  discussion  on  shaped  charges,  Lt.  was 
recommended  that:  (1)  emphasis  be  placed  on  the 
development  o(  multiple-flash  X-ray  equipment; 

(2)  triple-flash  X-ray  equipment  be  given  wider 
use  in  the  US,  Canada,  and  Greai  Britain  for-tbe 
purpose  of  obtaining  more  uniform  research 
techniques  and  data;  (3)  the  problem  of  the  lethality 
of  the  shaped  charge  jet  be  studied  further. 


L1207 

Ministry  of  Supply,  Shell  Mex  House,  London. 

THE  DEVELOPMENT  OF  CONTINUOUS  SHAPED 
CUTTING  .CHARGES,  by  L.  A.  lies.  n.  d. ,  24p. 
lncl.  Illus.  diagrs;  (Permanent  Records  of 
Research  and  Development,  MOS  Monograph 
no.  8. 102,  issued  July,  1950)  Restricted 

Experiments  with  explosive  charges  having  a 
hollow  "tunnel-shaped"  cavity  in  the  form  of  ag 
inverted  "V”  lined  with  metal  were  carried  out, 
during  1942,  by  the  Road  Research  Laboratory, 
DSIR,  with  the  object  of  producing  a  charge  which 
would  cut  the  tension  reinforcement  in  a  reinforced 
concrete  beam  with  a  comparatively  small  quantity 
of  explosive.  The  experiments  were  successful  and 
led  to  the  design  and  production  of  the  "Charge, 
Demolition,  no.  3,  15-lb  (Hayrick)".  A  line 
charge  made  of  a  single  row  of  Hayricks  (providing 
30-lb.  of  explostve/ft.  run)  is  adequate  to  deal  with 
the  heaviest  tension  reinforcement  likely  to  be 
encountered  In  a  reinforced  concrete  T-beam 
bridge.  Later,  2  much  smaller  versions  of  the 
"tunnel  charge",  called  the  "Stocks",  were  designed 
and  produced  for  (he  pu  -pose  of  cutting  steel  In 
enemy  beach  obstacles.  (MOS  abstract) 


L1208 

Ministry  o'  Supply  Skull 7r —  u— —  t  — j._ 
IN1T1ATION  OF  SHAPED  CHARGES  BV  NOSE 
FoilES,  by  rt.  H.  Farrant.  Oct.  1945,  3p. 
diagrs.  (Permanent  Records  of  Research  and 
Development,  MOS  Monograph  no,  25.  CD5,  issued 
June,  1949)  Secret 

The  problem  of  initiating  shaped  charge  shells 
at  the  correct  standoff  is  explained,  and  several 
nose  fuzes  designed  to  achieve  this  are  described. 
The  use  of  a  shaped  charge  Is  the  lure  itself  is 
reported,  and  Its  employment  in  service  fuzes  Js 
described. 

L12Q9 

Minisiry  of  Supply,  Shell  Mex  House,,  London. 

THE  USE  OF  THE  SHAPED  CHARGE  IN  PIAT 
AMMUNITION  AND  3.7-IN.,  9 5- MM.  HEAT 
SHELL,  by  R.  H.  Farrant.  Oct.  12,  1945,  14p. 
diagrs.  (Permanent  Records  of  Research  and 
Development,  MOS  Monograph  no.  25. 000,  issued 
Mar.  1949)  Secret 

The  rept.  is  divided  into  2  parts:  Part  I,  "The  use 
of  the  shaped  charge  in  PIAT  ammunition",  and 
Part  H,  "The  use  of  the  shaped  charge  on  3.7-la. 
and  9 5- mm.  HEAT  SHELL".  Part  L  The  steady 
increase  in  thickness  of  tank  armor  indicated  that 
where  lightness  of  the  projector  was  Important,  the 
use  of  shaped  charges  rather  than  solid  bullets  to 
give  penetration,  would  have  advantages.'  An  In¬ 
creased  performance  of  MOJ  over  the  previous 
Infantry  A/T  Weapon  (Boys  Rifle)  was  shown  to 
be  possible  by  the  use  of  a  3.  5-in.  diameter 
shaped  charge  initialed  by  a  nose  fuse.  The  modi¬ 
fications  for  production  improvements  in  filling 
technique,  and  the  use  of  cast  fillings  are  de¬ 
scribed.  Finally,  a  proposed  redesign  especially 
for  cast  filling  Is  given.  Part  II.  A  requirement 
for  an  antitank  round  for  fir’d  guns  led  to  the 
design  of  a  shaped  charge  round  for  use  In  the 
3. 7-in.  and  95-mm.  howitzers.  This  incorporated 
a  45°  liner  with  a  tubular  extension  from  the  apex, 
and  a  new  nose  fuse  which  detonated  tetryl  ex¬ 
ploder  pellets  from  a  distance  by  means  of  a  small 
Munroe  jet.  The  trials  being  successful,  production 
was  started,  but  difficulties  . . .  were  experienced, 
and  though  production  was  completed  the  manu¬ 
facturing  defects  have  not  yet  been  identified. 

(MOS  abstract) 

L1210 

Mobile  Explosives  Investigation  Unit  Number  1 
(U.  S.  Naw). 

CONICAL  ANTITANK  HAND  GRENADE,  by. 

J.  S.  Rath.  n.  d. ,  3p.  lncl.  Illus.  Restricted 

A  Japanese  antitank  hand  grenade  was  recovered 
on  Leyete,  consisting  of  the  explosive  charge, 
liner,  and  wooden  base  contained  in  a  silk  bag 
with  a  fuze  and  tail  of  hemp  attached  to  the  upper 
portion.  Data,  markings,  and  p-rformance  are 
included. 
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Morris,  O. 

IMPROVEMENTS  IN  OR  RELATING  TO  EX¬ 
PLOSIVE  MISSILES  SUITABLE  FOR  USE 
AGAINST  ARMOR.  British  patent  no.  578,771 
July  11,  1946. 

The  projectile  described  is  an  explosive  charge  with 
a  co-axial  core  having  a  metal  lining.  The  lateral 
parts  of  the  projectile  casing  extend  beyond  the 
charge's  foremost  surface,  terminating  in  a  striking 
nose  member  having  a  circular  knife  edge  to  attack 
the  target  plate.  On  impact,  the  nose  member 
transmits  the  shock  to  a  fuze  which  initiates  the 
detonation  of  the  explosive  charge  from  behind 
the  apex  of  the  conical  surface  at  the  proper  stand¬ 
off  distance. 

L1212  *  ' 

[Munllionskommission  und  Erfahrungsgemeinschaff 
"H-Ladung"  des  Reichministers  fur  Bewaffnung 
und  Munition). 

REPORT  ON  THE  DEVELOPMENT  OF  HOLLOW 
CHARGES.  PART  I,  IS43.  CONTRIBUTIONS  ON 
THE  STATUS  OF  DEVELOPMENTS  IN  THE 
REALM  OF  HOLLOW  CHARGES.  (LECTURES 
AT  THE  MEETING  OF  THE  ARMY  ORDNANCE 
OFFICE  ON  DEC.  20,  1942.  AND  THE  SESSION 
OF  THE  ERFAHHUNGSGEMEINSCHAFT 
H-LADUNG  ON  FEB.  9,  1943).  by  H.  Schardin 
and  others.  1942-1943.  (Trans.'  as  OTTO  rept. 
no.  1146A,  23p.  lllus.  tables,  diagrs.;  Also 
trans.as  rept.  no,  BIOS/Gp.  2/HEC  2576,  81p. 
lncl.  Ulus,  diagrs.;  Inclosure  1  to  MA  London 
rept.  no.  R324G-4E)  (Lecture  by  Dr.  Schardin 
also  trans.  as  rept.  no.  OTIB  1480,  15p.  lllus. 
diagrs.  For  abstract  see  item  no.  L5B1) 

Restricted 

Dr.  Meye,  discusses  detonation  tests  using  the 
7.  5-cm.  shell  28  In  which  a  nozzle  with  similarly 
tapered  walls  is  placed  in  front  of  a  tapered 
charge  liner.  Mluercing  factors  investigated  were: 

(1)  best  liner  angle;  (2)  effect  of  nozzle  and 
composition  of  explosive;  (3)  kind  of  Ignition;  and 
('1!  use  of  a  vacuum  cap.  Thonunek  reported  on 
the  effect  of  conical  liners  having  walls  of  parallel 
thickness  as  compared  to  those  having  wails  of 
tapered  thickness  when  tested  in  a  charge  with  a 
diameter  of  60  mm.  Test  results  are  tabulated 
and  graphed.  Thomauek  In  his  second  lecture 
briefly  discussed  the  jet,  eflert  of  rotation,  and 
a  scale-up  law  for  conical  liners. 

L1213 

(Munitionskommission  und  Erfahrungsgcmcir.schaft 
"H-Ladung"  des  Reichministers  liir  Bewaffnung 
und  Munition). 

RETORTS  ON  THE  DEVELOPMENT  OF  HOL¬ 
LOW  CHARGES.  PART  II,  1943.  by  Keil 
and  others.  J942-1943.  (Trans.asrept.no. 

OTIB  1140B,  20p.  Ulus,  diagrs.;  Also  trans.  a a 
rept.  no.  BI05/Gp.  2/HEC  2577,  classified 
Secret'  ,  54p.  lncl.  Ulus,  diagrs.)  (Lecture 
by  Dr.  Keil  also  trans.  as  rept.  no.  OTIB  1901B, 

3p.  illus.  diagrs.  For  abstract  sea  Item  no. 

^646)  Restricted 

SECRET  , 


Dr.  von  Holt  aiscussed  an  investigation  of  shaped 
charge  phenomena  which  was  made  using  7.  5-, 
fi.  8-,  and  10. 5-cm,  caliber  charges.  Firing  ' 
tests  led  to  the  following  conclusions:  (1)  optimum 
range  of  apex  angle  is  from  40°  to  60°;  (2)  optimum 
iicerth  cknessisl.  5 mm. and 2. 0  mm. ,  (3)  optimum 
standoff  with  1.  5-raio.  liner  thickness  to  00  mm. 
for  angles  from  40“  to  60';  with  2. 0-mm.  lln^r 
thickness  the  optimum  standoff  varies  according 
in  the  apex  angle.  Increased  penetration  was 
obtained  by  using  a  ’’Dusenhelm’'— a  funnel  or  list 
shaped  metal  body  placed  in  front  of  the  cavity  to 
concentrate  the  Jet  and  thus  increase  Its  efficiency. 
The  results  of  the  complete  series  of  tests  are 
presented  in  tabular  form.  The  question  "Can 
the  conditions  cf  optimum  efficiency  of  hollow 
charges  be  reduced  to  scientific  laws?"  was 
discussed  by.Geitaann.  Bucklisch  lectured 
concerning  the  further  development  of  the  7.  S-cm.  • 
sheU  38  with  emphasis  on:  (1 )  liner  angle,  material, 
and  wall  thickness;  (2)  use  of  effective  explosives; 
(3)  the  possibility  of  directing  Ihe  jet  through  a 
flash  tube;  and  (4)  the  problem  of  ignition-  Weigel 
reported  on  detonation  tests  to  determine  the 
function  of  particular  parts  of  the  sloped  charge 


Munroe,  C.  E. 

THE  APPLICATIONS  OF  EXPLOSIVES.  Popular 
Science  Monthly,  v.  56,  Feb.  1900:  444-455. 

Munroe  was  led  by  the  following  observations  to 
construct  a  hollow  cartridge  (dynamite  sticks 
tied  around  a  can)  for  blowing  up  a  safe:  (a)  the 
inscription  on  the  face  at  a  molded  piece  of  gun¬ 
cotton  fired  resting  on  an  Fe  plate  was  repro¬ 
duced  on  the  plate;  (b)  holes  of  varying  depth 
and  width  were  lwrcd  in  cylinders  of  guncotton 
and  when  these  cylinders  were  fired,  those  having 
the  widest,  deepest  holes  completely  perforated 
the  Fe  plate  target.  (See  also  item  no-  LID.) 

L1215 


Muraour,  H.  and  J.  Fauveau. 

REMARKS  ON  A  RECENT  NOTE  BY  JAMES 
AND  JACQUES  BASSET  ENTITLED  "THE 
INFLUENCE  OF  SURROUNDING  PRESSURE  ON 
THE  EFFECTS  OF  HOLLOW  CHARGES  AND 
ON  THE  BURNING  OF  POWDERS"  (Remarquen 
sur  une  Note  rfeente  de  MM.  James  et  Jacques 
Basset  intitulee  "Influence  de  la  pression 
ambiantc  sur  les  effets  des  charges  creuses  et 
la  combustion  des  poudres").  Comptes  rendus 
hebdomadaires  des  stances  de  l'acadtfmie  des 
sciences,  v.  232,  Mar.  5,  942.944. 


A  critical  analysis  is  presented  by  the  authors 
of  (he  hypothesis  formulated  by  James  and 
Jacques  Basset  in  order  to  explain  the  inhibiting 
action  of  the  centrifugal  force  on  the  perforating 
power  of  hollow  charges.  The  authors  point  out 
that  the  true  reason  for  the  effect  of  rotation 
must  be  sought  in  the  inhibiting  action  that’  the 
centrifugal  force  exerts  on  the  formation  of  the 
metallic  Jet  which,  launched  at  a  velocity  of  the 
order  of  8000  to  !C,C00  m./sec. ,  Is  the  true 
perforating  agent. 
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L12JG 

Muraour,  iL 

ON  THE  DECREASE  OF  BRISANCE  OF  SHAPED 
CHARGES  UNDER  THE  INFLUENCE  OF  ROTA¬ 
TION  (Sur  la  diminution  des  diets  brlsant  des 
charges  creuset,  sous  l'influenco  de  la  rotation). 
Chimie  et  Industrie,  v.  66,  Nov.  1051:  656. 

The  author  points  out  that,  contrary  toa  theslD 
supported  by  James  and  Jacques  Basset,  the  fact 
that  a  routing  hollow  charge  has  less  perforatlng- 
povyer  than  a  nonrotating  hollow  charge  cannot  be 
attributed  to  a  decrease  of  the  brisance  o l  the 
over-compressed  explosive  under  the  influence 
ol  the  centrifugal  force. 

L1217 

Muskat,  M. ,  F.  W.  Parker,  and  W.  L.  Kei.l 

{assignors  tc  Gulf  Research  and  Development  Co  ) 
APPARATUS  FOR  PERFORATING  WELL 
CASINGS  AND  WELL  WALLS.  United  StateB 
patent  no.  2,494,  256,  Jan.  10,  1950. 

The  patent  concerns  an  apparatus  employing 
shaped  charges  for  perforating  pipe.  Single, 
double,  and  multiple  charges  are  used;  the  ap¬ 
paratus  is  particularly  designed  for  perforating 
well  casing  in  oil  boreholes  but  may  be  used  to 
perforate  any  pipe  of  which  only  the  Inside  is 
accessible.  Preferred  relationships  between 
charge  length  and  diameter  and  standoff  and  diam¬ 
eter  for  A1  and  steel  liners  are  specified,  as  are 
apex  angles  and  liner  thickness.  It  is  stated  that 
if  a  steel  liner  1%  to  3*  of  the  caliber  of  the  ' 
charge  is  used,  the  slug  will  be  small  enough  to 
pass  through  the  hole  In  the  casing. 

L1218 

National  Bureau  of  Standards  (ProJ.  no.  TM3-5201) 
PRODUCTION  OF  COPPER  CONES,  ty  W.  Blum 
Summary  rept.  Aug.  31,  1948,  3p.  (Rept.  no.  1) 
TIP  S495  secret 

The  investigation  includes  a  study  ol  the  clectro- 
-c.^ir.g  cf  smooth  cones  lor  liners,  the  precise 
engraving  of  flutes  on  steel  mandrels  by  means  of 
a  pantograph  engraving  machine,  and  the  forming 
of  the  flutes  an  the  cones  by  means  of  a  hydraulic 
press  using  rubber  to  transmit  the  pressure. 


L1219 

National  Bureau  of  StanSards  (Pro],  no  TM3-52011 
.  [PRODUCTION  OF  COPPER  CONES], 'by  W.  Bilim 
Progress  rept.  Dec.  31,  194B,  4p.  TIP  S776 

Secret 

A  summary  is  presented  of  2  activities:  the 
electroforming  of  cones  in  Cu  or  other  metalo, 
and  the  production  of  metal  dies  to  be  used  as 
mandrels  for  electroforming  or  as  dies  for  pro¬ 
ducing  flutes  on  cones.  Details  of  electroforming 
processes  are  reported;  periodic  reverse  current 
plating  was  found  to  give  a  much  smoother  and 


brighter  deposit  than  that  produced  with  continuous 
direct  current.  The  production  of  fluted  mandrels 
and  the  pressing  of  fluted  cones  is  described. 

LI  220 

■National  Bureau  of  'standards  (Proj.  no.  TM3-5201) 
[PRODUCTION  OF  COPPER  CONES),  byW.  Blum. 
Progress  repL  Mar.  1,  1949,  3p.  TIP  S775 

Secret 

Progress  on  the  electroforming  or  Cu,  Ag,  An, 
and  fluted  Cu  cones  Is  reported.  The  production  of 
mandrels  and  the  pressing  of  flutes  into  cones  are 
briefly  described. 

LI  221 

National  Bureau  of  Standards  {Proj.  no.  TM3-5201). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES.  Research  and  development 
periodic  technical  progress  rept. ,  Mar.  1- 
June  30,  1943.  2p.  Confidential 

Progress  Is  reported  on  electroforming  Cu,  A" 
and  Au  liners- 

L1222 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept. 

Mar.  1-Jane  30,  1949.  June  30,  1949,  3p. 

Trn  pfini  '  1 


Plain  Cu  liners  (0. 045-0. 005-ln.  thick)  were 
electroform ed  singly  from  an  acid  Cu  bath;  others 
were  eiectroformed  by  periodic  reverse  current 
from  a  cyanide  Cu  bath.  The  method  of  fluting 
Cu  liners  Is  outlined.  Three  fluted  llnere  were 
examined  for  cracks. 

L1223 

National  Bureau  of  Standards  (Proj.  no.  TM3-3201). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept. 

July  1-Sept.  30,  1949.  Sept.  30,  1949,  2p.  ’  ’ 

Confidential 

Progress  is  reported  on  the  production  by  electro- 
forming  of  smooth  Cu  and  Au  liners. 

L1224 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D) 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept 
July  I-ScpL  30,  1949.  Sept.  30,  1949,  3p. 

Secret 

Progress  is  reported  on  Hie  production  of  fluted 
Cu  liners  by  pressing  with  a  fluted  male  steel 
die.  Firing  tests  indicated  that  smooth  Cu  liners 
prepared  by  elect  reforming  were  somewhat 
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inferior  to  drawn  Ca  liners.  Firing  tests  also 
indicated  that  fluted  Cu  liners  formed  with  a  soft 
steel  die  were  superior  to  those  formed  with  ?. 
hardened  steel  die.  The  production  ol  drawn  fluted 
Cu  liners  by  pressing  on  a  female  fluted  die  io 
also  described. 

LI  225 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201), 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blunt,  Research 
and  development  periodic  technical  progress  rent. , 
Oct.  1-Dec.  31,  1940.  Jan.  30,  1950,  2p. 

•  Confidential 

Progress  ts  reported  on  the  production  by  electro- 
forming  of  smooth  Au  liners. 

LI  220 

National  Bureau  in' Standards  (Prcj.  no.  TM2-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept. , 

Oct.  1-Dec.  31,  1949.  Jan.  30,  1950,  3p. 

Secret 

Progress  is  reported  on  the  production  of  fluted 
Cu  liners  made  by  pressing  fluted  mandrels  into 
Cu  liners. 


L1227 

National  Bureau  ol  Standards  (Proj.  no.  TM3-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
deve.opmcnt  periodic  technical  progress  rept., 
Jan.  1-Mar.  31,  1350.  Apr.  "M  1950  4„ 

TIP  S50558  Secret 

An  examination  was  made  of  the  contours  of  the 
cross-sections  of  conical  liners  which  were 
pressed  in  an  electroformed  Co-P  alloy  die  with* 
a  rubber  punch.  Some  deformation  of  the  flute 
contour  was  caused  by  contraction  of  the  electro- 
formed  die,  the  result  of  high  internal  stress. 

The  blistering  of  the  alloy  deposit  could  be  elimi¬ 
nated  by  changing  the  bath  composition.  Firing 
tests  were  made  on  Frarikford  Lot  3  blanks  which 
were  "ironed"  with  a  smooth  steel  pinch  and 
smooth  steel  die.  The  performance  of  the  lot  was 
very  poor,  and  thought  to  be  due  to  the  poor  sur¬ 
face  condition  of  the  liners. 

L1228 

National  Bureau  of  Standards  (Proj.  no.  TM3-52G1-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept., 

Apr.  1- June  30,  1953.  July  25,  1953,  3n. 

TIP  S5D558  Secret 

Progress  is  reported  oh  the  production  of  fluted 
Cu  liners. 


LI  2  29 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum;  Research  and 
development  periodic  technical  progress  rept., 

July  J-Sept.  30,  1950.  Oct.  23,  1950,  up,  lncL 
tab'es.  TIP  £50776  Secret 

Tabular  data  show  the  status  of  the  Huted  liners. 

LI  230 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  vV.  Blum.  Research  and 
development  periodic  technical  progress  rept., 

OcL  1,  1950- Jan.  31,  1951.  4p.  TIPS5094G 

Secret 

Two  lots  of  liners  with  sharp  Inside  flutes  were 
pressed  with  tool  steel  punches  and  rubber  dleo. 
Preliminary  tests  with  free- machining  stainless 
steel  as  the  mandrel  material  indicated  that  there 
was  no  improvement  in  machining  accuracy. 
Promising  results  were  obtained  with  Ag-plated 
brass  mandrels. 


L1231 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept. , 

Feb.  1-Mar.  1,  1951.  Apr.  30,  1951,  3p. 

TIP  S50948  Secret 

A  Co-P  die,  with  60  flat-milled  flutes,  0.013-ln. 
maximum  depth,  was  electroformed. 


L1232 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D), 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Research  and 
development  periodic  technical  progress  rept. , 
Apr.  1-Sept.  30,  1951.  [2  repts.]  TIP  S50946 

Secret 

Two  shaped  charge  land  mine  components  were 
completed.  A  smeoth  Cu  conical  liner  with  a 
black  finish  was  examined.  The  liner  appeared  te 
be  coated  with  a  Cu  compound,  oxide  or  sulfide, 
but  more  material  was  required  for  positive 
identification. 

L1233 

National  Bureau  of  Standards  (Proj.  no.  TM3-5201-D) 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  W.  Blum.  Progress  rept. 
Oct.  i-Ctc.  31,  1951.  2p.  TIP  S5094G  Secret 

A  list  is  given  of  liners  which  were  sectioned 
polished  and  mounted. 
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L1234 

National  Bureau  of  Standards  (Pro),  no.  TA3-5201). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  V.  A.  Lamb.  Periodic 
technical  progress  rept.  Jan.  1-Mar.  3!,  1953. 

Confidential 

The  following  work  was  completed:  (1)  138  plain 
Cu  liners  were  electroformcd;  (2)  section  mounts 
and  photographs  of  flute  contours  were  made  for 
the  16  flute,  0.  Q2fl-in.  and  Q. 005-in.  maximum 
depth,  and  for  the  20  flute,  0.020-in.  maximum 
depth  liners;  (3)  liners  with  16  and  24  flutes  of 
varying  flute  depth  were  sent  to  the  Carnegie 
Institute  of  Technc  logy;  (4)  18  liners  were  plated 
inside  with  radioactive  Ag  110  to  varying  distances 
from  the  base;  (S)  modification  of  the  Co-P  die  by 
grinding  a  radius  at  the  base  of  the  thread  per¬ 
mitted  easier  removal  of  the  formed  liner. 


L1235 


L1237 

National  Research  Council  of  Canada. 

INTERIM  REPORT  CN  CAVITY  CHARGES,  by 
A.  Gillies  and  H.  J.  Poole.  May  31,  1944,  7p. 
incl.  .llus.  [15-C1DCT0U]  Secret 

Preliminary  tests  were  carried  out  using  charges 
with  80°  Cu  and  steel  liners  (1  5/8  in.  base  diam¬ 
eter)  placed  Inside  robes  which  were  attached 
below  the  base  of  <he  liners.  A  tapered  tube 
(having  the  diameter  at  1  end  the  ame  as  the 
liner  diameter,  and  at  the  other  .id  a  greater 
diameter)  was  used,  and  the  charge  liner  was 
placed  nn  a  cardboard  annulus  on  top  of  the  tube. 
This  arrangement  brought  more  explosive  in  con¬ 
tact  with  the  target,  and  also  closer  to  the  site 
at  which  the  jet  would  penetrate.  Results  indicated 
that  such  a  charge  was  very  effective  against  a 
2-ln.  target  of  boiler  plale.  These  modified  charges 
produced  holes  of  increased  volume  and  diameter. 

L1238 


National  Bureau  of  Standards  (ProJ.  no.  TA3-5201). 
BASIC  RESEARCH  AND  DEVELOPMENT  OF 
SHAPED  CHARGES,  by  V.  A.  Lamb.  Periudlc 
technical  progress  rept.  Apr.  1-June  30,  1953. 

?P*  Confidential 

Work  was  started  on  57-mm.  Cu  liners  with  16 
flutes,  0.  017-in.  maximum  depth,  sharp  inside 
and  outside  with  4°  rotation  between  inside  and 
outside  flutes.  Preparation  of  these  liners  in¬ 
cludes  drawing  of  smooth  blanks,  forming  of 
flute,  and  insertion  into  shell  bodies.  In  addition,  ' 
30  plain  Cu  liners  of  the  lot  series  BEC60  to  74 
were  electroformed.  Section  mounts  and  photo¬ 
graphs  o!  the  tlutc  contours  of  rarloas  lets  wore 
completed.  Liners  having  10  flutes  with  0.  015-in. 
maximum  flute  depth,  pressed  with  a  rubber 
pad  on  a  smooth  punch  into  an  electroformed 
fluted  Co-P  die  were  sent  to  the  Carnegie  Institute 
of  Technology. 


L1236 

National  Bureau  of  Standards  (Pro),  no.  TA1-2704). 
T2028  FUZE  FOR  HEAT  ROCKETS.  Quarterly 
progress  rept.  May  14-Aug.  31,  1952.  Aug.  13, 
1952,  lip.  incl.  illus.  (NBS  rept.  no.  4.4-129) 

Confidential 

The  development  of  a  piezoelectric  contact  fuze 
Tor  the  2. 75-tn.  folding-fin  aircraft  HEAT  round 
was  undertaken  to  increase  penetration  perform¬ 
ance  of  the  rocket.  The  fuze  proposed  consists 
of  an  arming  system  and  a  detonator  in  the  base 
element,  electrically  connected  on  arming  with 
a  hemispherical  crystal  of  barium  titanate  In  the 
nose;  on  impac",  this  crystal  develops  energy, 
firing  the  detonator.  It  Is  required  that  the  fuze: 

(1)  operate  satisfactorily  upon  impact  against 
armoi  at  angles  of  obliquity  from  0°  to  65°- 

(2)  function  within  10  psec;  (3)  mass  in  the  path  of 
the  jet  be  kept  to  a  minimum. 


National  Research  Council  of  Canada. 

REPORT  ON  SHAPED  CHARGES,  by  II.  G.  V.  Evans 
andM.  C.  Fletcher.  Feb.  II,  1946,  37p.  inch 
tables,  dlagrs.  [15-Cl(XT-0-2)lJ  Secret 

Canadian  work  on  shaped  charges  during  the  war  is 
summarized.  Topics  include  the  performance  of 
various  types  ol  liners,  the  effect  of  varying  the 
diameter  of  charge  around  the!tnerr  the  effect  of 
frustum  angle,  the  effect  of  inverted  frustum 
angle,  varying  the  length  of  cylindrical  liners, 
comparison  of  45°  and  80’  liners,  mechanism  Of 
acllon  ol  linca  charges,  weapon  development, 
mechanism  of  action  (hydrodynamic  and  shock 
wave  theories),  and  the  possibility  of  replacing 
conical  liners  with  cylinders.  The  appendix 
discusses  a  charge  containing  2  liners  In  series 
which  has  a  follow-through  effect,  and  charges 
with  Internal  cavities  above  the  liner  apex.  It  is 
stated  that  the  use  of  internal  cavities  permits 
optimum  penetration  at  much  shorter  standoff. 


Naval  Attache,  Cairo. 

ITALIAN  3.  3-KG.  HOLLOW  CHARGE  BOMB. 
Feb.  8,  1943,  2p.  (NA  Cairo,  Serial  141-43) 

Confidential 

A  brief  description  is  given  of  the  shaped  charge 
bomb,  the  forward  end  of  which  is  fluted  in  6 
places  to  give  added  strength  against  crushing. 
This  increased  resistance  to  the  collapse  of  the 
dome  of  the  bomb  held  the  unlined  shaped  charge 
off  of  the  target  and  prevented  breaking  up  until 
the  fuze  had  time  to  function. 


Naval  Attache,  London. 

GREAT  BRITAIN  -  NAVY  -  EXPLOSIVES,  BLAST 
MEASUREMENTS,  MUNRCE  PRINCIPLE. 

Dec.  31,  1941,  5p.  incl.  diagrs.  (NA  London, 
Serial  3003)  Secret 
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Two  methods  are  described  for  obtaining  photo¬ 
graphically  the  sliapc  zr.d  velocity  of  the  blast  wave 
Jrom  a  shaped  charge.  'One  method  employs  photo¬ 
graphic  film  placed  upon  the  external  periphery 
of  a  disc  revolving  at  3000  r.  p.  m.  By  a  standard 
lens  and  slit  system,  a  photographic  record  could 
be  readily  obtained  oi  the  trace  of  the  name  front 
In  a  piano  normal  to  the  optical  axis  and  along  a 
line  parallel  to  the  axis  of  the  spinning  drum.  For 
more  accurate  measurements,  a  lens  system  was 
used  which  directed  the  image  ray6  on  a  mirror 
revolving  at  approximately  20,  000  r.  p.  m.  which, 
in  turn,  reflected  them  on  a  stationary  film 
attached  to  the  inner  side  of  a  circular  arc  frame. 

L1241 

Naval  Attache,  London. 

GREAT  BRITAIN  -  NAVY  -  ASSET  TRIALS  - 
ANTISUBMARINE  EXPERIMENTS  AGAINST 
MODELS  REPRESENTING  THE  GERMAN  SUB¬ 
MARINE  "GRAPH”  (EX-U570).  Apr.  20,  1942, 
lv.  incl.  illus.  tables,  diagrs.  (NA  London, 

•Serial  962)  Confidential 

The  minimum  weight  of  explosive  required  for 
forward-thrown  weapons  used  In  submarine  war¬ 
fare  was  Investigated  using  models  of  the  German 
submarine  U570  (now  called  "Graph")  as  targets. 
Full-scale  asset  trials  completed  to  date  are  re¬ 
viewed  and  a  preliminary  rept.  of  the  1:2  scale 
trials  Ic  given.  Seventy-four  photographs  illustrat¬ 
ing  the  results  of  most  of  the  shots,  and  drawings  of 
the  6  types  of  shaped  charges  used  are  included. 
Results  of  ail  the  firings  are  tabulated  and  brief 
comments  are  made  on  the  shaped  charge  portion 
of  the  trials. 

L1242 

Naval  Attache,  London. 

GERMANY  -  ARMY  -  EXPLOSIVES  (DEMOLITION). 
June  5,  1942,  -p.  incl.  diagrs.  (NA  London, 

Serial  1482)  .  Confidential 

Two  demolition  charges,  12.  5  kg.  and  50  kg.  In 
weight,  with  hemispherical  hollow  spaces  were 
fired  against  armor  plate.  The  12, 5-kg.  charge 
pierced  armor  up  to  I2-cm.  thickness;  the  50-kg. 
charge  pierced  armor  up  to  25-cm.  thickness, 
while  the  50-kg.  charge  followed  by  the  12.  5-kg. 
charge  pierced  armor  up  to  30-cm,  thickness. 
Another  rept.  is  appended  on  "German  ring  charges 
for  gun  demolition. " 

L1243 

Naval  Forces,  Northwest  African  Waters. 

SPECIFIC  TYPES  OF  [ITALIAN]  EXPLOSIVE 
CHARGES  (CONCAVE  CHARGES).  June  19,  1945, 
3p.  (iv  rial  130-45)  Restricted 

Concave  charges  were  used  to  perforate  plates,  as 
explosive  charges  of  antitank  mines  ana  of  regular 
attack  mines,  and  as  the  detonating  charges  of 
missiles.  To  explain  the  effects  oi  perforation  of 
plates,  Col.  Tanferna  submitted  data  concerning 


sizes  and  characteristics  of  the  detonation  of  explo¬ 
sives.  With  the  aid  of  Pulini,  he  carried  out  tests 
and  obtained  patents  for  the  use  of  detonating  ex¬ 
plosives.  Results  oi  the  study  showed  lhat  with 
charges  of  30  g.  of  explosive,  the  perforation  of 
steel  plates  3  cm.  thick  was  obtained.  Tanferna 
studied  actus!  explosive  lenses  capable  of  concen¬ 
trating  the  firing  destructiveness  of  the  explosive 
itself;  he  succeeded  in  combining  these  lenses 
■with  each  other  in  more  complex  Instruments,,  called 
"explosive  field  glasses",  through  which  exceptional 
directional  and  perforation  effects  were  obtained. 
Further  experimentation  showed  exceptional  pro¬ 
jective  effects  from  the  concave  charges  as  well 
as  exceptional  bursting  effects  in  the  projection 
of  shrapnel  shells.  Tanferna  derived  many  ap¬ 
plications  for  the  utilization  of  slow  explosives 
using  NH4NO3  and  a  coating  of  melted  Tritolite 
or  other  high  speed  detonation  explosives. 

L1244 

Naval  Mine  Depot,  Yorktown. 

XO-127,  COMPOSITION  B  LOADING  OF  M3 
SHAPED  CHARGES,  by  W.  F.  Skinner  and 
J.  S.  Harper.  July  7,  1D47,  lv.  incl.  illus. 
tables,  oiagrs.  (Rept.  no.  5,  Research  and 
Development  Dlv.)  Confidential 

Work  related  to  the  loading  (Comp.  B)  of  26 
40-lb.  M3  shaped  charges  in  preparation  for  tests  in 
the  development  of  a  special  shaped  charge  war¬ 
head  for  antiaircraft  missiles  is  described.  Due  to 
the  nature  of  the  container  and  the  restrictions 
impose!  for  loading,  38  experimental  main  charges 
and  15  boosters  were  poured  using  varying  tech¬ 
niques  (discussed  in  the  text)  of  control  and  then 
analyzed  to  determine  the  most  satisfactory  method. 
Tables  listing  the  pouring  data  and  results  obtained 
from  the  above  experiments  are  appended.  Dia¬ 
grams  illustrating  pouring  methods  arc  included. 


L1245 

Naval  Ordnance  Laboratory  (Task  NOL-37-Re2c-46-l). 
EFFECT  OF  LINER  AND  EXPLOSIVE  UNI¬ 
FORMITY  ON  PERFORMANCE  UNIFORMITY  OF 
SHAPED  CHARGES,  by  B.  E.  Drlmtner.  June  24, 
1948,  7p.  (Memo.  no.  NOLM  979C)  Confidential 

The  investigation  was  concerned  with  the  lack  of 
uniformity  of  performance  displayed  by  apparently 
identical  shaped  charges.  A  charge  of  sensitized 
mononilrcmethane  (liquid  at  normal  temperatures) 
with  a  M6A3  steel  liner  machined  from  bar  stock 
produced  an  average  penetration  depth  of  5.  44 1 
0. 08  in.  with  a  population  standard  deviation  of 
3.  6%  of  the  average.  With  Pentolltc  Instead  of 
mononltromethane,  the  average  penetration  was 
7.  50  or  5.  2%  of  the  a.-arage.  With  nitromethane 
and  standard  drawn  M6A5  steel  liners,  the  average 
penetration  was  5. 52  *  0. 17  or  7. 2%  of  the  average. 
Analysis  of  these  data  showed  that  increased 
symmetry  of  the  liner  and  homogeneity  of  the  ex¬ 
plosive  produced  statistically  significant  improve-  ' 
ments  in  reproducibility  of  results. 
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L1246 

Naval  Ordnance  Laboratory  [Task  NOL-37-Re2c-43-l}- 
SHAPED  CHARGES,  byB.  E.  Drimmer.  Progreso 
rept.  Apr.  16-July  15,  1948.  Aug.  2,  1948,  5p. 
tables.  (Memo.  no.  NOLM  9791)  Conlldentlal 

'  Rotating  trumpet-lined  charges  fired  at  speeds  up 
to  180  r.  p.  s.  showed  the  same  decrease  in  jet 
efficiency  as  was  found  in  conical- lined  charges. 

The  penetration  depth  dropped  rapidly  as  the 
rotation  speed  was  increased  to  about  140  r.  p.  s. » 
then  the  decline  wa3  gradual.  Small-scale  experi¬ 
ments  were  made  to  determine  the  jet  efficiency  cd 
a  shaped  charge  bomb  that  would  hit  a  ship  In  such 
a  manner  that  the  top  of  a  relatively  thin  steel 
wall  (0.  012-ln.  cavity  diameter)  would  be  In  the 
direct  path  of  the  jet,  the  direction  of  the  jet  being 
parallel  to  the  wall.  Or  the  4  charges  fired,  2 
stiuwed  evidence  of  almost  complete  dispersion  of 
the  jet.  The  other  2  produced  depths  in  the  steel 
target  below  the  wall  of  about  0.  83  in. ,  the  average 
depth  obtained  under  the  same  conditions  without 
the  wall. 

L1247 

Naval  Ordnance  Laboratory  (Task  NOL-37-fle2e-46-l). 
SHAPED  CHARGES,  byB.  E.  Primmer.  Progress 
rept.  July  16,  1948-Oct.  15,  1948.  Nov.  23,  1943, 
10p,  tables,  dlagrs.  (Memo.  no.  NOLM  9916) 

Confidential 

Results  are  given  of  tests  to  determine  the  effect 
of  rotation  on  the  penetration  of  the  jet  from  plain 
trumpet  liners  collapsed  by  detonation  of  50/50 
Pentolite.  The  explosive  and  trumpets  had  a 
maximum  diameter  of  1. 9r>  in.  From  0  to  200 
r.  p.  s.  the  penetrstlon  dropped  from  8.2  to  3.3  In. 
Experiments  were  performed  to  determine  the 
effect  of  rotatton  on  the  twist  of  the  slug  from 
charges  with  cylindrical  liners.  These  liners  were 
of  steel,  1.00-in.  outside  diameter,  0.060  in. 
thick  and  4.  0  in.  long.  Shots  were  fired  into 
water  at  speeds  up  to  155  r.p.s.  Collapse  by 
50/50  Pentolite  charges  at  75  r.  p.  s.  produced 
twists  tf  4°  in  the  collapsed  portion;  higher  rota¬ 
tion  sppeds  produced  only  slight  increase  in  twist. 
Experiments  are  described  to  measure  the  kinetic 
energy  of  the  jet  by  a  refinement  of  the  calori¬ 
metric  method. 

LI  2  48 

Naval  Ordnance  Laboratory  (Task  NOL-37-Re2c-46-l). 
SHAPED  CHARGES,  by  B.  E.  Brimmer.  Progress 
rept.  Oct.  16,  194B-Jan.  15,  1949.  Feb.  15,  1949, 
7p.  tables,  diagrs.  (Memo.  no.  NOLM  10,000) 

Conlldentlal 

Experiments  were  continued  to  measure  the  kinetic 
energy  of  the  Jet  by  a  reilnement  of  the  calorimetric 
method.  Data  were  obtained  for  the  total  heat  ab¬ 
sorbed  by  a  mild  steel  target  from  the  jet,  slug, 
and  skirt  fragments  formed  by  a  1. 63-in.  diameter 
cylindrical  charge  of  50/50  Pentolite  cast  over  an 
M9A1  steel  liner.  Partial  data  are  given  for  the 
residual  energy  left  in  the  jet  after  penetration  of 


1  and  2  in.  of  mild  steel.  An  attempt  was  made  to 
obtain  information  on  the  events  occurring  during 
the  normal  collapse  of  the  shaped  charge  liner  by 
studying  liners  partially  collapsed  by  degraded 
shocks.  Examination  of  the  data  and  the  contours 
of  the  recovered  liners  showed  that  the  effects  due 
to  shocks  from  HE  placed  in  contact  with  the  entire 
liner  might  be  continuous  functions  of  Ihe  same 
variable  (shock  strength).  Partially  collapsing 
drawn  liners  appeared  to  matte  observable  some 
cf  the  geometric  and  material  inhontogcneitles  In 
the  gross  structure  of  the  liners.  The  appearance 
o?  the  partially  collapsed  liners  suggested  that 
they  collapsed  incrementally  rather  than 
continuously. 

L1243 

Haval  Ordnance  Laboratory  (Task  NOL-37-ReZc-4G-l). 
SHAPED  CHARGES,  byB.  E.  Drimmer.  Progress 
rept.  Jar..  15-Apr.  15,  1949.  June  8,  1943,  7p. 
tables,  dlagrs.  (Memo.  no.  NOLM  10, 286) 

Confidential 

Work  was  continued  on  the  determination  ol  the 
kinetic  energy  of  the  shaped  charge  jet  absorbed  by 
a  steel  target  as  a  function  of  jet  penetration  depth. 
The  data  obtained  Indicated  that  more  energy  was 
absorbed  in  penetrating  the  third  In.  of  steel  target 
than  the  second  in.  This  inconsistency  was  at¬ 
tributed  to  errors  In  measuring  the  temperature 
rise  in  the  steel  cylinder.  The  experimental 
method  was  investigated. . 

L1250 

Naval  Ordnance  Laboratory  (Task  NOL-37-Re2c-46-l). 
SHAPED  CHARGES,  byB.  E.  Drimmer.  Progress 
rept.  Apr.  16-July  15,  1949.  July  30,  1949,  6p. 
tables,  diagrs.  (Memo.  no.  NOLM  10466) 

Confidential 

Further  tests  made  to  determine  the  kinetic 
energy  of  the  shaped  charge  jet  indicated  that 
more  energy  was  absorbed  in  penetrating  the 
third  in.  of  steel  target  than  the  secohd  in.  Cu 
jet  absorbers  will  be  used  to  check  this  result. 

Ln  the  controlled  fragmentation  program,  hollow 
Cu  hemicylinders  were  embedded  in  flat  charges 
12  in.  long  and  detonated  In  contact  with  massive 
steel  targets.  Two  groups  of  experiments  were 
run:  (1)  the  liner  axis  made  an  angle  (from  30“  to 
90s)  with  the  long  dimension  of  the  charge;  and 
(2)  with  the  above  angle  kept  at  9C°,  a  combination 
of  explosives  (a  low  velocity  explosive  such  as 
Baratol  or  granular  TNT  plus  a  high  velocity 
explosive  such  as  Comp.  E  or  Comp.  CJ  was  used 
to  bend  the  detonation  front  in  the  slow  explosive; 
thus,  the  detonation  front  hit  the  liners  at  a  more 
favorable  angle  than  occurred  normally  as  the 
detonation  proceeded  down  the  charge.  The  depth 
of  the  cuts  into  the  steel  in  both  groups  of  experi¬ 
ments  showed  a  marked  dependence  on  the  axial 
distance  from  the  point  of  initiation.  It  was  con¬ 
cluded  that  the  actual  depths  obtained  indicated 
that  such  lir.ers  and  orientations  would  fail  to 
affect  control  of  the  fragmentation  ol  the  ehelL 
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L1251 

Maral  Ordnance  Laboratory  (Task  J,'CL-37-Re2c-43-I). 
SHAPED  CHARGES.  byB.  E.  Drlmmer.  Progress 
rept.  July  16-Oct.  15,  1949.  3p.  table,  dlagr. 
(Memo.  no.  NOLM  10569)  Confidential 

Controlled  fragmentation  studies  using  Cu  heml- 
cylindrical  liners  with  wall  thicknesses  o!  0. 915, 
0.022,  0.030,  and  0.049  in.  showed  that  the 
thinner  liners  were  superior.  Tests  are  planned 
with  tuilined  hollow  spa ceo. 


L1252 

Naval  Ordnance  Laboratory  (Task  NOL-37-Re2c-40-2). 

*  SHAPED  CHARGES,  by  B.  E,  Drlmmer  and 

W.  August.  Progress  repL  Oct.  16.,  J949-Jan.  15, 
1950.  Feb.  14,  1950,  5p.  lllus.  tables,  dlagrs. 
(Memo.  no.  NOLM  1G7C0)  Confidential 

An  apparently  new  shock  phenomenon  was  ob¬ 
served  while  experiments  were  being  carried  out 
with  flat  slabs  of  explosive.  The  effect,  tenta¬ 
tively  named  tha  "ledge  effect'',  manifested  itself" 
in  making  a  "U”  shaped  cut  In  mild  steel  as  much 
as  0.  8  in.  deep  and  1.25  In.  wide  (maximum)  at 
the  top.  The  effect  was  tried  as  a  means  o!  im¬ 
proving  shaped  charges.  Several  unllned  shaped 

•  charges  were  made  In  which  the  surlace  of  the 
4.  4-in.  conical  cavity  was  machined  so  that  It 
contained  6  rigid  angle  ledges.  Duplicate  charges 
with  smooth  inner  conical  liners  were  also 
produced,  and  the  penetration  determined  at 
various  standoffs  from  0  to  2  in.  Results  showed 
that  the  effectiveness  of  the  jet  appeared  to  be 
almost  equal  to  that  from  the  smooth  conical 
liner,  ft  is  hoped  that  more  effective  design  of 
the  ledges  may  result  In  an  Improvement. 


L1253 

Naval  Ordnance  Laboratory  [Task  NOL-37-Re2c-46-21. 
SHAPED  CHARGES,  by  B.  E.  Drlmmer  and 
W.  T.  August.  Progress  rept.  Jan.  15-Apr.  15,  ' 
1959.  May  1,  1950,  5p.  dlagr.  (Memo,  no. 

NOLM  19964)  Confidential 

Controlled  fragmentation  studies  were  continued 
with  flat  charges  of  Comp.  B  cast  over  hollow  Cu 
hemlcylinders  of  different  thicknesses.  Liners 
0.015  ix  thick  made  cuts  0.23  In.  deep  directly 
under  the  line  oi  initiation  and  0. 13  lx  deep  12  in. 
down  the  charge  length.  Thicker  liners  produced 
shallower  cuts.  Ci  mparison  with  results  obtained 
with  similar  charges  of  plastic  Comp.  C  showed 
that  the  cuts  made  with  cast  explosive  were  ap¬ 
proximately  10%  deeper.  Results  obtained  with 
pregrooved  shells  indicated  that  the  Insertion  of 
liners  of  this  shape  into  a  5- in.  AA  shell  would 
fail  to  control  the  fragmentation  of  the  shell. 


L1254  . 

NavalOrdnance  Laboratory  (Task  NOL-37-Re2c-46-3>. 
THE  KINETIC  ENERGY  OF  THE  SHAPED 
CHARGE  JET,  by  B.  E.  Drlmmer  andW.  T.  Au¬ 
gust.  Jan.  12,  1950,  lOp.'.ables,  dlagrB.  (Memo, 
no.  NOLM  10697)  Confidential 

The  kinetic  energy  of  the  shaped  charge  jet 
resulting  from  the  detonation  of  50/50  PentoRfe 
cast  over  a  M9A1  steel  llner  was  determined  from 
calorimetric  measurements  to  be  12, 130  caL 
The  jet  mass  was  calculated  to  i>e  5. 49  g.  or  24% 
of  fiie  original  mass  of  the  liner.  It  is  pointed  out 
that  from  an  analysis  of  the  use  of  the  Jet  kinetic 
energy  for  increasing  penetration  depth,  the  Jet 
is  most  efficiently  used  at  a  penetration  depth  of 
1. 64  in.  It  was  believed  that  the  c  -Er-all  ef¬ 
ficiency  of  the  charge  in  making  a  ,»ole  In  mild 
steel  could  be  improved  by  designing  a  liner  that 
would  give  a  jet  whose  velocity  (5330  ix/sec.) 
and  mass/unit  length  is.lhe  same  as  that  of  the  jet 
cf  the  experimental  charge  Impinging  on  the  tar¬ 
get  a  depth  of  t.  64  In.  The  total  momentum  of  the 
jet  was  calculated  to  be  2. 12  x  106  g.  cm./sec. 

When  the  calculated  momentum  of  the  course 
fragments  and  that  of  the  slug  were  added,  a  total 
momentum  of  3.  67.x  10B  g.  cm./sec.  was  obtained 
which  agreed  with  the  value  reported  In  the 
literature. 

L1255 

Naval  Ordnance  Laboratory. 

PENETRATION  OF  STEEL  TARGETS  AT  LONG 
STANDOFFS  BY  STEEL-CONE-LINED  SHAPED 
CHARGES,  by  B.  E.  Drlmmer.  Aug.  15,  1950, 
35p.  Incl.  lllus.  tables,  dlagrs.  (Rept.  no. 

NOLR 1145)  Confidential 

The  effect  on  mild  steel  targets  of  1.  63-In.  diam¬ 
eter  shaped  charges  with  steel  conical  liners  was 
studied  at  standoffs  up  to  600  cavity  diameters 
(c.  d. ).  The  study  consisted  of  invest  [gating  tho 
Scaling  factor  and  observing  the  effects  of  varying 
the  following  parameters:  (a)  standoff  distance; 

(b)  liner  thick, ieas;  (c)  apex  angie  ol  the  conical 
liner;  and  (d)  diameter  of  the  charge.  The  data 
showed  that  with  a  60°  steel  conical  liner,  pene¬ 
tration  depth  dropped  sharply  when  the  standoff 
was  increased  from  2.  5  to  50  c.  d.  Beyond  50  c.  d. , 
the  decline  In  depth  was  less  rapid.  As  the  stand¬ 
off  Increased,  the  number  of  significant  holes 
fell  off  sharply.  Tests  for  effects  of  varying  the 
liner  thickness  (range  C.  027  to  0.  137  In.)  showed 
that  60°  steel  conical  liners  (0.  045  In.  thick)  at 
150  c.  d,  standoff  produced  the  deepest  hole 
(0.060  in.  deep).  The  same  liner  produced  30 
significant  holes,  more  than  any  other  liner.  The 
apex  angles  ot  steel  liners  were  varied  from  30°  to 
160°.  The  charge  containing  a  100°  apex  angle 
liner  produced  a  hole  84%  deeper  than  the  deepest 
hole  produced  by  a  flat-ended  charge.  This  charge 
also  produced  46  significant  holes  which  was 
nearly  3  limes  as  many  as  were  formed  by  the  Hal- 
ended  charge.  Analysis  of  results  obtained  with 
5  5-in.  diameter  charges  showed  that  the  linear 
scaling  law  was  observed. 
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L125G 

Naval  Ordnance  Laboratory. 

PERIPHERALLY  INITIATED  SHAPED  CHARGES, 
by  B.  E.  Drimmcr  and  W.  T.  August.  Nov.  1, 

1950,  19p.  incl.  Ulus,  tables,  dlagrs.  (NAVORD 
repi.  no.  1722)  TIP  C6436  Confidential 

When  cylindrical  shaped  charges,  with  conical 
steel  liners,  were  initiated  along  the  entire 
periphery  nl  the  top  of  the  charge,  the  penetrations 
into  mild  steel  were  significantly  deeper  than  the 
holes  formed  by  duplicate  charges  initiated  along 
the  charge  axis.  A  disc  cf  the  proper  dimensions 
of  inert  material  inserted  into  the  explosive  column 
caused  peripheral  initiation.  It  Is  pointed  out  that 
ihe  data  indicated  that  if  such  a  disc  were  In¬ 
corporated  into  the  present  charge  case  of  tho 
MSA1  bazooka  (conical  steel  liner),  the  average 
depth  of  penetration  should  be  increased  from 
3.25  lo  4.75  charge  diameters.  Possible  ex¬ 
planations  are  listed  for  the  superior  performance 
of  peripherally  initiated  shaped  charges. 

LI  257 

Naval  Ordnance  Laboratory. 

SHAPED  CHARGE  PENETRATION  IN  MAGNESIUM 
ALLOY  TARGETS,  by  3.  E.  Drlmmer  and 
W.  T.  August.  Nov.  1,  1950,  12p.  incl.  tables, 
diagrs.  (NAVORD  r opt.  no.  1721)  TIP  C0292 

Confidential 

The  depth  of  penetration  of  shaped  charge  Jets  Into 
Mg  and  Mg-steel  sandwiches  has  been  observed 
under  controlled  firing  conditions  for  the  purpose  of 
getting  additional  information  on  penetration  laws. 

The  depth  of  penetration  into  Mg  of  the  Jet  from 
a  1-5/8  in.  diameter  charge  of  50/50  Pentollte 
cast  over  a  M9A1  steel  cor.e  was  found  to  be  11. 9  in., 
agreeing  satisfactorily  with  the  11.7  in.  pre¬ 
dicted  by  the  simple  penetration  theory.  For  tar¬ 
gets  made  of  sandwich  layers  of  steel  and  Mg  small 
differences  in  penetration  not  explainable  by  the 
simple  theory  were  observed.  (NOL  abstract) 

L1258 

Naval  Ordnance  Laboratory. 

A  COMPARISON  OF  VARIOUS  EXPLOSIVES 
WITH  RESPECT  TO  SHAPED  CHARGE  EF¬ 
FICIENCY,  by  A.  Solem,  W.  T.  August,  and 
S.  R.  Walton.  Aug.  1,  1951,  13p.  Incl.  illus. 
tables.  (NAVORD  rept.  no.  1853)  TIP  CGP94 

Confidential 

X 

Cast  and  pressed  50/50  Pentollte,  Comp.  B, 

HBX,  PTX2,  70/30  Cyclotoi,  75/25  Cyclotoi,  and 
Comp.  A3  were  compared  for  shaped  charge  ef¬ 
fectiveness.  Standardized,  unconflned  charges 
4  in.  high  formed  oyer  M9A1  steel  conical  llnerB 
were  used  in  ihe  tests.  Penetration  depth  resultn 
showed  no  significant  difference  between  ihe  70/30 
Cycloid  and  Comp.  B  when  compared  by  the 
statistical  "t"  test;  the  75/25  Cyclotoi,  50/50 
Pentollte,  and  the  HBX  charges  gave  inferior 
results  in  that  order.  The  order  of  efficiency  of 
the  explosives  tested  for  either  penetration  depth 
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or  cavity  volume  was  in  general  agreement  with 
earlier  reported  experimental  work,  with  the 
exception  of  the  high  efiiciency  of  PTX2.  This 
latter  improvement  was  thought  to  be  the  result  of 
more  careful  charge  preparation. 


L1250 

Naval  Ordnance  Laboratory. 

THE  EFFECT  OF  SOIL  BARRIERS  ON  SHAPED  * 
CHARGE  PENETRATIONS,  by  W.  T.  August  a. id 
A.  D.  Solem.  June  27,  1952,  lOp.  incl.  tabic, 
dlagrs.  (NAVORD  rept.  no.  2487)  TIP  C837Q 

Confidential 

Data  obtained  for  jet  penetrations  Into  mild-steel 
targets  through  looseiy  packed,  sandy  clay  soil 
barriers  indicated  a  i  apio  decrease  in  steel  pene¬ 
tration  with  barrier  thickness  for  the  first  few  in. 
The  3.24-  and  1.  63-in.  -diameter  shaped  charge* 
were  placed  in  loosely  filled  (1. 0  to  1.  6  sp.  density) 
holes,  and  the  sleei  targets  were  placed  over  the 
holes  with  varying  air  spaces  between  the  top  of  the 
Hit  and  the  target.  The  rate  of  decrease  diminished 
with  the  barrier  thickness.  The  variation  or  pene¬ 
tration  with  standoff  distance  (between  the  charge 
and  soil)  occurred  in  a  regular  fashion,  but  was  of 
secondary  importance.  (TIP  abstract) 


LI  260 

Naval  Ordnance  Laboratory  (TaskNOL-Re2c-l-l-53). 
A  CORRELATION  OF  EXPLOSIVE  PROPERTIES 
WITH  SHAPED  CHARGE  PERFORMANCE,  by 
N.  L.  Colcburn.  Jan.  19,  1953,  I4p.  incl.  tables, 
dlagrs.  (NAVORD  rept.  no.  2721)  AD-8286 

Confidential 

Jones'  formulation  of  detonation  theory  was  used 
lo  obtain  functional  relationships  for  predicting 
the  performance  of  solid  explosives  in  shaped 
charge  penetration  of  mild  steels  by  M9A1  steel 
liners.  The  quantities  related  io  penetration  arc 
the  detonation  pressure,  p,  and  functions  of  the 
detonation  pressure,  PQD2/k  and  p/k.  The  magni¬ 
tude  of  k,  the  isentroplc  exponent,  is  de*ermlncd 
by  the  Jones  theory  for  each  explosive.  Using 
B2/k  and  p/k,  the  relationships  are: 

Penetration  (In.)  =  pQG2/k  +  73. 5B 

73799 


Penetration  (in.)  =  p/k  +  31. 19 
21.31 

where  D  Is  the  detonation  velocity,  Pa  is  the  ex¬ 
plosive  loading  density  and  p  is  in  kilobars.  These 
relationships  gave  good  agreement  with  the  per¬ 
formance  of  the  13  explosives,  Including  1  aluminized, 
tested.  The  values  of  the  various  quantities  for  each 
explosive  are  presented  In  tables. 
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Naval  Ordnance  Laboratory, 

7nERIn^ERAL  INmA™N  OF  SHAPED  CHARGES, 
HI .  PENETRATION  PERFORMANCE 

™US  LHIER  hlATERlALS;  JET  VELOCITY 
AND  CHARGE  CONFINEMENT  TESTS  bv 
W.  T  August  and  A.  D.  Solem.  Feb  11,  ia53 
16p.  incl.  tables.  (NAVORD  repL  no.  mT)‘ 

Confidential 

Trt  penetration  measurements  from  cylindrical 
cone-llnod  charges  using  a  shaped  detonation  wave 
Include' ^lth  PeriPhe,ral  ‘nltiaiicn  were  extended  to 
Rner.d  ? ’  giass-  M2-  Al,  and  cast  Fe  . 

l  ner.,.  Increased  mean  penetration  over  point  LM- 

S  fiSi  rM!CC  0bscrved  {or  «»ch  mnte- 

•.lal.  Rotaung  mirror  camera  data  are  presented 
of  emergent  jet  velocities  Iron,  peripherally  id- 
Hated  charges  with  Cu  and  steel  liners.  The  velocl- 

H  ■ L  6  }li|''er  than  observed  for  point  ir'Hatcd 
harges.  Experimental  results  of  the  effect  of  charge 
confinement  are  reported  and  compared  wltl.  rcsS 
from  similar  point  charges.  (NOL  abstract) 

L1262 

Na^!.°rdn:u,cc  Oratory  (Task  NOL- Re2c-4S-l  sal 

nire^v  CHAnCE  PERFORMANCE  WITH  VARI 
OUS  EXPLOSIVE  LOADING?  byW  T 

S5vw  Sr 

t«AVUH£>  rept.  no.  2767)  AD-11  595 

Confidential 

In  this  comparison  of  various  explosives  for 

fine^fl  Pc/^°™ance.  each  M9A1  steel 

I  ,  6_ln'  base  diameter,  44°  apex  ancle 

0.  037-in.  wall  thickness)  was  cast  or  pressed  bito 
an  explosive  cylinder  4  in.  long  x  1. 625  in.  in 
diameter.  The  charges  were  statically  fired  at 
.  0-in.  standoff  into  target  stacks  of  1-ln.  mild 
Eteel  plates.  The  mean  values  of  the  depths  and 

S2 wSSt. 


Cast  explosives 

(100/5)  (54.6/45.4) 

Comp.  B/D2  BTNEU/VNT 

Depth  VoL  Depth  VoL 

On)  (cc.)  (m.)  (tc., 

5,82  “  5.97  10.67 


(77/23) 
HMX/TNT 
Depth  Vol. 
(in.)  (cc.) 

7-45  15.57 


(70/30) 
Tetry  1/TNT 
Depth  VoL 
(in.)  (cc.) 
5. 12  8.  P0 


(00/40) 
HMX/TNETB 
Depth  VoL 
(in.)  (cc.) 

7. 07  12. 45 


,  Pressed  explosives 
(9D/1C)  (00/40/11 

BTNEU/Aristowajt  BTNEU/TNT/Calclum 

5  64  q  o*7  stearate 

S,M  9‘97  -  5.30  a.  85 


(90/10) 

13TNEN/  Aristowax 
5-55  H.36 
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(91/9) 

HMX/Stanoilnd  wax 
6.  45  13.  is 


It  was  concluded  from  these  data  that  the  HME 
mixtures  are  the  most  satisfactory  for  shaped1 
charge  application.  ' 

L1263 

Naval  Ordnance  Laboratory. 

CONTRIBUTIONS  FROM  the  NAVAL  ORD- 
PPPfPP  ^EORATOHT,  SYMPOSIUM  ON 
r^nrF^P  CHARGES,  ABERDEEN  PROVING 
GROUND  NOV.  1951.  Aug.  1,  1953,  43^  lncL 
-Hus.  tables,  riiagrs.  (NAVORD  rept.  00.^2930) 

Confidential 

Four  papers  presented  by  Naval  Ordnance  Labora- 
t°ryn^Soanel  at  the  Symposium  (BRL  rept 
no  837)  are  given.  Abstracts  preface  each  of  the 
following  papers: 

(1)  Remarks  on  Some  Fundamental  leatures  of 
...  Detonation,  by  S.  J.  Jacobs. 

(2)  Performance  of  Peripherally  Initiated  Shaped 
muarneS'  05rA'  D‘  SolemnndW.  T. -August. 
hu  -,  n  T,CrChnlQl'£!  for  Velocl‘y  Measurement, 

oy  ii,  um  Maiiory. 

(4)  High  Speed  Thotography  with  an  Image  Con- 
mid  B*.  SbIingfeton,DjrDr°Sd'  Tl  Liddlard' 
L1264  . 

(Naval  Ordnance  Test  Station,  Inyokernl. 

SHAPED  CHARGE  BIBLIOGRAPHY  (OF  REPORT* 

TWO  hundreu  and  eighty  repts.  on  shaped  charges 
and  allied  subjects  dated  between  Aug  1940  and 
Jan.  1046  are  listed  chronological*.  Some 
■lOreign  repts.  are  included. 

LI  2  65 

Naval  Ordnance  Test  Station,  Inyokern 

STRUCTURAL  DAMAGE  LAUNCHING  TESTS  OP 

.VAR  HEAD,  by  O.  D.  Terrell.  Mar  11  194*1 

OUMlTLi),11UE-  tabIeS’  dlagrs-  (Technical  memo 
'  Confidential 

Launching  velocities  of  450,  525,  and  675  ft. /sec 
were  used  to  test  water  entry  structural  per¬ 
formance  of  the  torpedo  warhead.  A  detailed 
diagram  of  the  experimental  warhead  is  given 
punching  conditions  and  damage  notes  for  each 
entry  velocity  lest  are  tabulated.  Photographs  of 
structural  failures  are  included.  TeM  i  es  .its  are 
discussed  and  evaluated,  S  are 

L1266 

Naval  Ordnance  Test  Station,  Inyokern. 

BEHAVIOR  STUDY  TESTS  OF  TILE  NOI  EX 

perimental  shaped  chahg^aTSS; 

by  o.  D.  Terrell.  Aug.  19,  1946,  lip.  incL 

OUM  n'kf’  tableS’  dlaErs*  (Tfichr.ical  memo. 

1  Confidential 
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Forty-six  behavior  study  launchings  ol  the  NOL- 
ItXD  (modified)  warhead  fitted  on  Mark  I3-G 
torpedoes  ("hot  shot")  were  accomplished  at  a 
water  entry  velocity  of  3-10  ft.  /sec.  A  detailed 
diagram  of  the  modified  warhead  Is  given.  Tat'es 
and  charts  Include  Information  on  test  conditions, 
projectile  characteristics,  entry  velocities,  entry 
orientations,  tracings  of  typical  launchings,  and 
dive  recovery.  Test  results  are  discussed  and 
evaluated. 


For  abstracts  of  these  repta.  see  the  Shaped 
Charge  Working  Panel  monthly  repts.  for  the 
corresponding  periods.  The  Information  In  these 
2  sets  of  repts.  is  identical,  almost  verbatim. 

1.1270 

Naval  Ordnance  Test  Station,  Inyokenr. 

THE  BEHAVIOR  OF  METAL  UNDER  HIGH  AND' 
RAPIDLY  APPLIED  STRESSES  Or  SHCRT  DURA- 


L1267 

Naval  Ordnance  Test  Station,  Inyokern. 

BIBLIOGRAPHY  [OF]  SHAPED  CHARGE  RE¬ 
PORTS.  Oct.  1.  1948,  lZp.  (Rept.  no. 
RRP-100148)  TIP  C5C235  Confidential 

This  list  of  152  shaped  charge  repts.  arranged  by 
rept.  no.  includes  material  from  Aberdeen 
Proving  Ground,  OT1B  (Ordnance  Technical 
Intelligence  Branch),  OSRD  (Office  of  Scientific 
Research  and  Development),  and  British  sources 
covering  the  period  from  about  1940-1945.  Some 
German  repts.  are  included. 


L12GB 

Naval  Ordnance  Test  Station,  Inyokern. 

INVESTIGATION  OF  SHOCK  WAVE  PHENOMENA 
IN  AIR.  I.  HIGH  EXPLOSION  (SHAPED  CHARGE] 
RESEARCH:  A.  SPECTROSCOPIC. ..  C.  FLASH- 
.  ING  IN  SHAPED  CHARGE  JETS...,  by 
M.  D.  Dlatt  and  uthers.  Quarterly  repl.  Dec.  1, 
1948-Fcb.  28,  1949.  p.  1-2.  TIP  C2238 

Confidential 

Tentative  conclusions  are  presented  as  a  result 
ol  tests  on  several  bimetallic  liners.  Liners  pre¬ 
pared  with  Ag  on  the  inner  or  axial  surlace  and  Cu 
outside  showed  only  a  Ag  spec l rum;  Ihe  ratio  of 
Ag  to  Cu  thickness  was  0. 025:0.  035  In.  One  linor 
tested  with  the  Cu  apex  and  Ag  skirt  (50%  each) 
gave  only  a  Cu  spectrum.  The  liner  materia* 
primarily  responsible  for  great  luminosity  at  the 
jet  head  and  also  lor  the  damage  at  long  standoff 
appeared  to  be  that  from  the  Internal  and  apical 
region  Df  the  liner.  A  brillant  and  well-defined 
jet  In  which  several  Al  spectrum  linos  and  Al-Oj 
bands  were  identilied  resulted  from  the  firing  of 
an  Al  lined  charge.  A  transparent  bag  of  A(gas) 
pierced  by  a  jot.  intensified  ar.d  altered  the  spec¬ 
trum  of  the  Jet.  An  atmosphere  cl  He  was  not  as 
effective.  The  flashing  or  periodic  luminous  pul¬ 
sations  observed  in  all  shaped  charge  jets  was 
attributed  to  the  periodic  melting  of  a  surface  layer 
of  metal,  its  subsequent  vaporization,  and  release 
from  the  particle  surface. 


L1209 

Naval  Ordnance  Test  Station,  Inyokern. 

INVESTIGATION  OF  SHOCK  WAVE  PHENOMENA 
IN  AIR,  by  J.  S.  Stanton.  Monthly  progress  repts, 
for  the  pariods  Apr.  1-30,  1919  through  Oct.  1-31, 
1S4D  and  Dec.  1-31,  1949.  Confidential 


TION,  by  J.  S.  Rinehart.  [13*9],  19p.  incl.  illus. 
(SCWP  Technical  memo.  no.  12)  (Bound  with  its 
Shaped  Charge  Working  Panel  Monthly  rept.  Ino.  9] 
Nov.  1-30,  1949)  Confidential 

Several  interesting  effects  produced  as  the  result 
of  detonating  explosive  charges  in  intimate  contact 
with  metal  plates,  rods,  and  tubes  are  described. 
The  principal  ellects  are:  (1)  the  fracturing  of  the 
metal  due  to  a  ienslonal  stress  produced  as  the 
result  of  the  reflection  of  a  high  compressional 
stress  wave  at  a  free  boundary;  (2)  the  fracturing 
of  the  metal  due  to  a  high  hydrostatic  pressure 
resulting  from  extremely  rapid  compression  of 
the  melal;  and  (3)  a  simple  low-order  permanent 
strain  similar  to  that  observed  in  slow  compres¬ 
sion  tests.  The  descriptions  of  the  behavior  of 
metals  under  high  and  rapidly  applied  stresses 
are  still  mostly  qualitative,  and  further  experi¬ 
mental  Investigation  of  these  effects  is  contem¬ 
plated.  The  need  for  a  considerable  amount  of 
theoretical  work  along  these  lines  Is  Indicated. 

L1271 


......  icai  station, 

DIFFERENTIAL  SIIADOWGRAPHY,  by  J.  S.  Stanton 
and  C.  R.  Nlsewanger.  [1949],  9p.  incl.  Ulus. 
(SCWP  Technical  memo.  no.  13)  (3ound  with  Its 
Shaped  Charge  Working  Panel  Monthly  rept.  fno.  91. 
Nov.  1-30,  1949)  Confidential 


In  the  process  of  biking  shadowgrams  of  luminous 
particles  from  shaped  charge  jets,  it  became  ap-  ■ 
parent  that  conventional  shadowgraph  methods  were 
unsatisfactory.  A  solution  to  the  problem,  obtained 
by  optical  means,  Is  described  and  Illustrated.  Re¬ 
sults  are  presented  for  rapidly  moving  particles, 
for  electrical  explosion  ol  fine  wires,  and  for 
sparks.  Farther  investigation  Is  Indicated. 


L1272 

Naval  Ordnance  Test  Station,  Inyokern. 

DRAG  AND  THE  CONSERVATION  PRINCIPLES 
IN  DISCONTINUOUS  SUPERSONIC  FLOWS,  by 
E.  T.  Benedikt.  [1949],  5p.  (SCWP  Technical 
memo.  no.  G)  (Bound  with  Its  Shaped  Charges 
Working  Panel  Monthly  rept.  no.  4,  June  1-30 
1949)  i  IP  C50610  Confidential 

A  study  is  made  of  the  information  regarding  the 
drag  on  a  body  Immersed  In  a  rluid  In'motion  and 
the  nature  of  the  processes  responsible  for  ihe 
drag  which  are  made  available  by  the  conservation 
principles  as  derived  from  the  fundamental  equa¬ 
tions  of  aerodynamics.  The  equations  derived  from 
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this  examination  are  developed  and  discussed.  Ap¬ 
plication  of  the  theoretical  results  to  the  evaluation 
of  drag  will  be  presented  in  future  repts. 

L1273 

Naval  Ordnance  Test  Station,  Inyokern. 

THE  DRAG  OF  SUPERSONIC  WEDGES,  by  . 

T.  S.  Stanton.  [1949],  4p.  diagrs.  (nCWP 
Technical  memo.  no.  LI)  (Hound  with  its  Shaped 
Charge  Working  Panel  Monthly  repL  [no.  8J, 

Oct  1-31,  1949)  Confidential 

The  eifect  of  shock  dissociation  of  air  upon  the 
drag  of  supersonic  wedge  shaped  projectiles  with 
attached  shock  was  calculated;  a.  statement  ot  the 
problem  and  the  solution  are  included.  The  result 
is  such  as  to  produce  a  velocity  dependence  of  • 
drag  which  lies  below  that  of  square  law  under  all 
conditions  wfcich  wee  calculated. 

1.1274 

Naval  Ordnance  Test  Station,  Inyokern. 

EFFICIENCY  OF  FRAGMENTATION  BOMBS,  by 
I.  P.  McClellan.  [1949],  6p.  (SCWP  Technical 
memo.  no.  9)  (Sound  with  its  Shaped  Charge 
Working  Panel  Monthly  rept.  ^.o.  7],  Sept.  1-30, 
1949)  Confidential 

As  the  first  step  in  evaluating  the  comparative 
efficiencies  of  fragmentation  bombs  and  shaped 
charge  warheads,  a  mathematical  analysis  of  a 
standard  of  efficiency  is  reported.  The  question: 

■  Given  the  target  and  range,  for  what  ratio  of 
casing  weight  to  charge  weight  will  greatest  ef¬ 
ficiency  be  obtained,  assuming  the  possibility  of 
controlling  fragment  size?"  is  answered:  "With 
steel  casings  and  typical  explosives  constituting 
the  bomb. . .  the  radius  of  the  explosive  would  be 
about  0. 9  that  of  the  bomb  and  the  thickness  of  the 
casing  then  about  0. 1  the  radius  of  the  bomb.” 

LI  27  5 

Naval  Ordnance  Test  Station,  Inyokern. 

THE  MARLEY  HIGH-SPEED  CAMERA,  by 
G.  C.  Throner.  [1949],  1  Gp.  incl.  illus.  (SCWP 
Technical  memo.  no.  10)  (Bound  with  its  Shaped 
Ctiarge  Working  Panel  Monthly  rept.  [no.  7], 

Sept.  1-30,  19-.9?  Confidential 

A  description  with  photographic  illustrations  is 
reported  of  the  Marley  High  Speed  Camera  (ex¬ 
posure  rate  approximately  95,000  frames/sec.) 
used  for  studies  of  jet  formation  and  related 
matters.  Specifications,  supplementary  equipment, 
operation,  synchronization,  etc.  are  described. 

L1276 

Naval  Ordnance  Test  Station,  inyokern. 

NOTES  ON  MANGANESE  STEEL,  byN.  A.  Mac¬ 
Leod.  [1345],  5p.  incl.  iilus,  tables,  diagrs. 
(SCWP  Technical  memo.  no.  8)  (Bound  with  its 
Shaped  Charge  Working  Panel  Monthly  rept. 

[no.  6],  Aug.  1-31,  1349)  Tir  C3296 

Confidential 


Three  Mn  steel  liners  and  3  tniid  steel  liners  were 
tested  and  the  performances  compared.  The  Mn 
steel  liners  gave  considerably  less  penetration 
than  the  mild  steel,  but  they  seemed  to  imply  the 
possibility  that  shock  wave  effects  may  be  involved 
In  jet  formation  since  hydrodynamic  theories  did 
nol  appear  to  explain  the  poor  jet  performance. 

Mn  steel  was  also  tested  as  a  defense  against 
shaped  charges;  since  it  was  easily  penetrated  bp 
standard  charges,  this  type  ol  steel  was  assumed 
to  have  no  protective  value. 


LI  277 

Naval  Ordnance  Test  Station,  Inyokern. 

SELECTION  OF  METALS  FOR  BIMETALLIC' 
LINERS,  by  M.  D,  Blatt.  [1949],  5p.  ulus, 
diagrs.  (SCWP  Technical  memo.  no.  7)  (Bound 
with  its  Shaped  Charge  Working  Panel  Monthly 
rept.  [no.  5],  July  1-31,  1940)  TIP  C2561 

Confidential 

Tests  were  conducted  on  Fe,  Mg,  At.  and  Ag 
conical  liners  as  part  of  a  program  of  selecting 
bimetallic  liners  for  shaped  charges.  Cu  liners 
produced  the  most  satisfactory  Jets  and  strongest 
spectra.  Both  Ag  and  Al  liners  revealed  informa¬ 
tive  spectra,  the  Ag  spectra  being  somewhat 
sharper.  Mild  steel  and  Mg  produced  poor  jets, 
and  their  spectra  were  weak.  As  density  !s  an 
additional  consideration  in  the  selection  of  the  2 
metals,  Cu  and  Ag  were  selected  as  the  best  for 
the  bimetallic  liner;  both  fulfill  the  requirements 
for  electrqforming,  reproducible  jets,  easily 
recognized  spectra,  and  capability  of  producing 
narrow  line  spectra. 


L1278 

Naval  Ordnance  Test  Station,  Inyokern. 

SOME  OBSERVATIONS  ON  HIGH-SPEED,  IM¬ 
PACT,  by  J.  S.  Rinehart.  [1949],  lip.  Incl. 
illus.  diagrs.  (SCWP  Technical  memo.  no.  14) 
(Bound  with  its  Shaped  Charge  Working  Panel 
Monthly  rept.  [no.  10],  Dec.  1-31,  1949) 

Confidential 

The  physical  nature  of  the  phenomena  associated 
with  the  impact  of  high  velocity  particles  wa3 
studied  for  the  purpose  of  developing  more  effective 
weapons.  Some  existing  data  on  the  subject  and  new 
data  obtained  from  experiments  on  the  impacts  of 
high  velocity  shaped  charge  particles  (20,000- 
30,  000  ft.  /sec.)  are  presented  and  discussed  under 
the  following  topics:  (1)  energetics  of  high  velocity 
particles;  (2)  the  nature  ol  craters;  (3)  mechanics 
cf  crater  formation;  and  (4)  energetics  ol  crater 
formation.  It  was  concluded  that  only  a  few  useful 
data  were  available;  of  principle  significance  was 
the  close  correlation  existing  between  crater 
producing  abilities  of  explosives  ?nd  of  high  veloc¬ 
ity  particles. 
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LI  270 

Naval  Ordnance  Test  Station,  Iirvckem. 

A  THEORY  OF  FLASHING  OF  HIGH-SPEED 
PARTICLES,  by  B.  Cansen  act  J.  S.  Stanton. 

[1949],  9p.  incl.  graphs.  (SCT'P  Technical 
memo.  no.  5)  (Bound  with  Its  Shaped  Charges 
Working  Panel  Monthly  rept-  co-  4,  June  1-30, 

1949)  TIP  C5Q609  Conlldentlal 

A  mechanism  for  the  flashing  phenomena  observed 
in  shaped  charge  jets  is  proposes.  A  model 
borrowed  from  certain  high  explosive  experimenta¬ 
tion  was  used  to  derive  a  theory  (where  the  relative 
wind  of  the  particle  is  definitely  known)  lor  pre¬ 
dicting  the  period  of  flashing  cf  high  speed  particles. 
The  following  conclusions  were  inferred:  (1)  the 
flashing  period  will  increase xr.th  [(article  size; 

(2)  the  period  of  flashing  is  relatively  independent 
of  velccity  in  the  range  of  M  >-  S  to  20;  and  (3)  if 
the  density  of  the  atmosphere  vs  varied  while  Its 
local  sound  velocity  Is  maintained,  the  period  of 
flashing  should  remain  relatively  Invariant.  A 
crucial  test  of  the  theory  depends  upon  the  pro¬ 
curement  of  more  reliable  data  specifically  ap¬ 
plying  to  the  motion  of  fast  particles. 

L123D 

Naval  Ordnance  Test  Station,  InTCkern, 

THE  SHAPED  CHARGES  WORKING  PANEL 
MONTHLY  REPORT  NO.  1,  MAR.  1-31,  1949, 
by  G.  C.  Throner  and  others.  [1949],  Bp. 

TIP  CS0608  Confidential 

The  theory  of  the  motion  of  fast  particles  (charac- 
ter'atics  for  the  transient  2-  md  3-dimenslonal 
aerodynamical  problem)  Is  considered  for  the 
possible  delermination  of  the  shape,  location,  and 
stability  of  the  shock  front.  Results  of  25  tests 
(using  C'u,  Al,  and  Mg  lined  charges)  made  In  an 
effort  to  obtain  experimental  evidence  toward  a 
theory  of  drag  are  discussed.  Progress  Is  also 
cited  on:  (a)  Interior  ballistics  (studies  of  the 
effect  of  magnetic  fleid  on  fast  moving  particles); 

(bj  exterior  ballistics  (particle  erosion):  (c)ter- 
minal  ballistics  (vaporlfics);  and  (d)  Instrumentation 
(vacuum  and  pressure  chamber,  field  shadowgraph, 
electronic  mass  measuring  device). 

L1281 

Naval  Ordnance  Test  Station,  Inyokern. 

THE  SHAPED  CHARGES  WORKING  PANEL 
MONTHLY  REPORT  NO.  2,  APR.  1-30,  1949, 
by  M.  D.  Blatt  and  others.  [  19-19 j,  5p. 

TIP  C5D6Q0  Conlldentlal 

Comp.  C  charges,  detonators,  and  shaped  charges 
all  produced  electrical  effects  when  detonated  on 
a  metal  platform  connected  to  a  high  Impedance 
voltmeter.  The  maximum  potential  was  -250  v. 
for  shaped  charges;  detonators  left  the  plate  posi¬ 
tively  charged  to  ground.  Charges  on  a  more 
highly  insulated  platform,  measured  by  an  electric 
mtcrocoulometer,  were  +  0.  65  p  coulomb  for 
Comp.  C,  and -0.  x31,  -0.256,  and  -0. 131  p 


coulomb  for  3  du  Pont  shaped  charges  type  36c-2lR. 
Analysis  Is  made  of  a  streak  photograph  of  a  Jet 
particle  shot  to  an  unusual  height  of  about  70  ft. 
Progress  is  also  reported  on:  (a)  Interior  balllstlca 
(scaling  studies);  (b)  exterior  ballistics  (motion  of, 
flight  of,  and  flashing  of  fast  particles);  (c)  terminal 
ballistics  (vaporlfics,  mechanical  effects-Mn  steel 
targets);  and  (d)  instrumentation  (vacuum  pressure 
chamber,  field  shadowgraph). 

L1232 

Naval  Ordnance  Test  Elation,  Inyokem. 

THE  SHAPED  CHARGES  WORKING  PANEL 
MONTHLY  REPORT  NO.  3,  MAY  1-31,  1949, 
by  J.  S.  Stanton.  May  15,  1949,  5p.  TIPC50G0O 

Confidential 

Progress  is  cited  on:  (a)  interior  ballistics 
(scaling  studies,  electrical  effects,  Marley 
cameia  studies,  production  of  single  high  speed 
particles);  (b)  exterior  ballistics  (motion  of, 
flight  of,  and  flashing  of  fast  particles);  (c)  terminal 
ballistics  (vaporlfics);  and  (d)  instrumentation 
(vacuum  pressure  chamber,  field  shadowgraph). 

LI  283 

Naval  Ordnance  Test  Station,  Inyokcra. 

THE  SHAPED  CHARGES  WORKING  PANEL 
MONTHLY  REPORT  NO.  4,  JUNE  1-30,  1949, 
by  J.  S.  Stanton.  July  15,  1949,  5p.  T1PC50608 

Confidential 

A  warhead  section  comprising  3  cavities  (liners) 
made  by  pressing  a  1-in.  diameter  steel  baU 
nearly  half  its  radius  Into  a  strip  of  36  mil  mild 
steel  and  bending  the  strip  over  spaced  wooden 
forms  gave  3  well  defined  jets  of  100  ft.  range, 
using  about  1.  5  lb.  cf  HE.  Another  section  of  5 
liners  (made  by  a  0.75-in.  steel  ball)  gave  a 
maximum  pariicie  range  of  70  ft.  and  an  average 
range  of  40  ft.  with  0. 75  lb.  of  HE.  Progress  Is 
also  reported  on:  (a)  interior  ballistics  (scaling 
studies,  electri-al  effects);  (b)  exterior  ballistics 
(motion  of,  flight  of,  and  flashing  of  fast  particles); 
and  (c)  instrumentation, 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  5],  JULY  1-31,  1949, 
by  J.  S.  Stanton.  Aug.  15,  1949,  5p.  TIPC25G0 

Confidential 

Preliminary  to  high  altitude  shaped  charge  tests,  a 
series  of  Al  liners  of  0.  020-,  0.  Q40-,  0. 060-,  and 
0. 060-in.  wail  thickness  were  fired  to  determine 
initial  jet  velocities  and  range.  Initial  jet  veloc¬ 
ities  varied  regularly  with  liner  thickness  from 
9,  500  in./eec.  (0. 020  in.)  to  7, 500  m.  /sec. 

(0.  080  In.),  Corresponding  jet  heights  were  2. 5, 

4.  6,  3. 5,  aud  3. 9  m.  Progress  is  also  cited  on: 

(a)  interior  ballistics  (electrical  effects);  (b)  ex¬ 
terior  ballistics  (motion  of,  flight  of,  and  flashing 
of  fast  pwUcIes);  and  (c)  Instrumentation. 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  6],  AUG.  1-31,  1049, 
by  J.  S,  Stanton.  Sept.  15.  1S49,  4p.  TIP  C329S 

Confidential 

Comparison  was  made  o£  jets  from  1-in.  diameter 
hemispherical  liners  of  steel  (Cold  rolled  and  stain¬ 
less),  monel,  Cu,  AL,  brass,  phosphor  bronze,  P!>, 
and  Zn.  The  steel,  Cu,  and  monel  liners  produced 
jets  of  good  range;  the  monel  was  remarkable  in 
that  discrete  particles  were  sent  to  a  range  in 
excess  ol  1, 000  ft.  Pb  and  Zn  liners  produced 
no  flashing;  steel,  Cu,  and  munel  gave  regular 
and  sustained  flasning.  A  single  test  to  estimate 
over-drag  at  high  particle  speeds  was  made  by 
firing  a  shaped  charge  through  an  envelope  filled 
with  A  gas  sL  atmospheric  pressure.  The  principal 
jet  particle  entered  the  envelope  at  7960  m.  /sec. 
and  left  it  10  m.  down  range  at  4130  m./scc.  The 
measured  deceleration  In  the  A  gas  was  nearly 
constant  at  about  5. 4  x  10+8  cm.  /BCCm  2_  No 
evidence  of  over-drag  appeared. 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  7],  SEPT.  1-31,  1949, 
by  J.  S.  Stanton.  Oct.  21,  1949,  4p.  TIP  C51442 

Confidential 

Brief  repts.  on  a  number  of  shaped  charge  research 
projects  are  presented.  Scaling  studies  Indicated 
a  decreasing  initial  velocity  with  an  increasing 
weight/unit  area  of  litter  and  a  decreasing  Jet 
length  with  a  decreasing  melting  point  of  the  liner 
material.  One  in.  diameter  Cu  hemispherical 
charges  fired  at  11, 000  ft.  altitude  were  analyzed 
for  initial  velocity  and  luminosity.  Off-center 
detonation  of  hemispherical  i.'nei-s  indicated  that 
off-centering  as  much  as  30°  did  not  prevent  the 
formation  of  usable  jets. 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  8],  OCT.  1-31,  1949, 
byj.  3.  Stanton.  Nov.  18,  1949,  4p.  Confldenllal 

Several  tarsex  (target-synthesized  explosive) 
experiments  were  conducted  with  negative  results. 
Powdered  FeO  was  used  lo  line  a  Cu  cone  and  also 
to  make  disc  pellets  which  were  used  to  cap  HE. 
cylinders.  At  a  slandoff  of  30  in. ,  the  oxide 
lined  cone  produced  no  more  vaporific  effect  than 
a  plain  Cu  cone,  and  the  oxide  capped  cylinders 
produced  no  vaporific  effect.  Progress  is  also 
reported  on:  (a)  interior  ballistics  (collapse  of 
conical  liners);  (b)  exterior  ballisllcs  (luminous 
range  and  calculated  total  range,  dissociation 
drag  on  supersonic  wedge,  shadowgraphy  of  fast 
particles);  and  (c)  application  of  shaped  charge 
studies  (warhead  efficiency). 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  0],  NOV.  1-30,  1940, 
by  J.  S.  Stanton.  Dec.  20,  1949,  5p. 

Confidential 

Brief  summaries  report  progress  on:  (a)  interior 
ballistics  (collapse  ol  transparent  liners);  (b)  ex¬ 
terior  ballistics  (shadowgraph  experiments,  yaw- 
card  range,  erosion  of  fast  particles,  Kerr  shutter 
photography),  (c)  terminal  ballistics  (hardening 
of  metal,  tarsex),  and  (d)  Instrumentation  (con¬ 
trolled  atmosphere  range,  field  Kerr  camera, 
local  plane  Kerr  shutter). 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  10],  DEC.  1-31,  1B49, 
by  J.  S.  Stanton.  Jan.  1G,  1950,  5p.  TIP  C4120 

Confidential 

Observation  by  a  single  streak  camera  of  the 
collapse  of  Plexiglas  liners  (90°  apex,  0. 080-ln. 
wall  thickness,  1.81-in.  diameter)  indicates  that 
the  ratio  of  collapse  to  detonation  velocity  (for 
terminal  skirt  element)  Is  .  55  and  the  direction 
assumed  by  the  collapsing  element  falls  about  20" 
from  the  liner  surface  normaL  Brief  summaries 
report  progress  on:  (a)  exterior  ballistics  (erosion 
of  fast  particles);  (b)  application  of  shaped  charge 
studies  (vaporiflcs),  and  (c)  shock  wave  phenomena 
(field  shadowgraph,  wide  angle  Kerr  camera). 
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TI1E  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  llj  JAN.  1-31,  1050, 
by  J.  S.  Stanton  and  others.  Feb.  19,  1950,  5p. 
TIP  C4120  Confidential 

Attempts  were  made  to  obtain  suitable  tracers  for 
studying  the  collapse  process  In  plastic  lined 
cones.  Progress  is  also  reported  on  (a)  Interior 
ballistics  (imagery  of  conical  transparent  liners); 

(b)  exterior  ballistics  (penetration-card  range, 
ditferential  shadowgraphy);  (c)  application  of 
shaped  charges  (vapnrifics);  (d)  shock-wave 
phenomena;  (e)  instrumentation;  (f)  terminal 
ballistics. 
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THE  SHAPED  CHARGE  WORKING  PANEL 
MONTHLY  REPORT  [NO.  12]  FEB.  1-28,  1950, 
by  J.  S.  Stanton- and  others.  Mar.  20,  1950,  5p. 
(NOTS  Technical  memo.  no.  759-032050) 

TIP  C4530  Confidential 

The  technique  of  observing  the  collapse  process  of 
shaped  charges  by  adding  suitable  tracers  to  the 
Hi.er  was  extended  from  plastic  to  metal  liners 
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without  difficulty.  Troughs  cut  In  the  liner  te 
depths  of  0. 005  In.  and  filled  with  suitable  tracer 
gave  sufficient  Indication  on  the  streak  camera 
record  to  deduce  collapse  trajectories.  Progress 
Is  also  reported  on  (a)  exterior  ballistics  (pene¬ 
tration-card  range,  thermodynamic  properties  of 
A  (gas),  drag  on  fast  particles,  (b)  terminal 
ballistics,  (c)  application  of  shaped  charges  (vn- 
porifics),  (d)  shock-wave  phenomena,  (reinforce-  ^ 
mert  of  shock  waves,  high-intensity  spark  scarce;, 
and  (e)  instrumentation  (controlled- atmosphere 
range,  wide-angle  Kerr  camera,  project  Helix). 
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THE  SHAPED  CHARGE  WORKING  PANEL 
QUARTERLY  REPORT  MAR-  1-MAY  31,  11-2.  fcj 
J.  S.  Rinehart.  June  20,  1950,  5p.  (NOTE 
Technical  memo.  no.  759-062050)  TIP  01543 

Confidential 


The  mechanism  of  erosion  for  fast  particles  in 
passage  through  0.  020-in.  celluiose-aceuie  lums 
was  studied  by  a  streak  camera.  A  remarfc*^ 
similarity  to  the  flashing  erosion  in  gases  and  to 
the  skirt  surrounding  the  base  of  Bbaped-chaxge 
Jets  was  noted.  The  study  reaffirmed  that  t he 
majority  of  particles  from  a  shaped  charge  did  not 
luminesce  while  passing  through  air  unless  they 
struck  a  target.  Progress  Is  also  reported  ca 
terminal  ballistics,  application  of  shaped  charges, 
shock  wave  phenomena,  and  Instrumentation. 
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NON-ERODING  MATERIAL  FOR  M'JNRO-  JETS, 
by  N.'  A.  MacLeod.  Mar.  24,  1949,  6P-  kcL  table, 
dlagrs.  (SCWP  Technical  memo.  no.  1)  (Bound  with 
its  Shaped  Charges  Working  Panel  Monthly  rept.  no. 
1,  Mar.  1-31,  1949)  Corfiaauilnl 


It  had  been  suggested  that  liner  materials  he  se¬ 
lected  which  would  not  exhibit  the  erodlble  char¬ 
acteristics  shown  in  spectrographlc  studies  ri 
jets  from  various  common  metals  (Fe,  Co,  At,  and 
Pb).  The  study  showed  that:  (1)  the  phenomenon  of 
erosion  was  physical;  (2)  no  significant  chemical 
action  was  probable  at  the  solid  gas  interface  due  to 
extremely  high  temperature  involved;  (3)  the 
chemical  reactions  took  place  after  sloughing  oft 
occurred  and  the  metal  lines  in  the  spectrographlc 
analysis  were  broadened  by  the  continuous  and 
intermittent  sloughing  off  of  metaL 
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HYPERSONIC  FLIGHT,  by  N.  A.  MacLeod. 

Apr.  7,  1949,  2p.  (SCWP  Technical  memo.  no.  2) 
(Bound  with  its  Shaped  Charges  Working  Panel 
Monthly  rept.  no.  1,  Mar.  1-31,  1949)  TIP  C2633 
•  .  Confidential 


In  the  flight  of  particles  through  atmospheres  of 
various  gases  at  velocities  considerably  above  the 
mean  velocity  of  the  molecules  ol  these  gases. 
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it  was  Indicated  that  anomalous  types  of  behavior 
compared  io  those  usually  encountered  and  visually 
Identified  by  spark  shadowgraphs  of  missile  flight 
at  1  000  to  5, 000  ft. /sec.  would  be  encountered. 
The’pertodicity  of  flashing  observed  in  the  flight 
of  particles  ejected  by  shaped  charges  ia  discussed. 
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JET  INTERFERENCE,  by  N.  A.  MacLeod. _ 

Apr.  15,  1949,  15p.  Inch  illus.  tables.  (SCWP 
Technical  memo.  no.  4)  (Bound  with  Its  Shaped 
Charges  Working  Panel  Monthly  rept.  no.  3, 

May  1-31,  1949)  TIP  C2634  Confidential 

The  study  was  concerned  with  the  degree  of  co¬ 
incidence  of  initiation  necessary  to  be  maintained 
when  2  or  more  shaped  charges  are  Initiated  at 
various  degrees  of  propinquity.  Test  results 
showed  that  shaped  charges  could  be  fired  success¬ 
fully  in  close  proximity  without  interference  and 
that  the  degree  of  coincidence  in  Initiation  waa 
within  practical  limits. 
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THE  DECELERATION  OF  FAST  PARTICLES  BY 
ATMOSPHERIC  DISSOCIATION,  by  J.  3.  Stanton. 
May  5,  1549,  lQp.  Incl.  illus.  diagrs.  (SCWP 
Technical  memo.  to.  3)  (Bound  with  lb:  Shaped 
Chargee  Working  Panel  Monthly  rept.  no.  2, 

Apr.  1-30,  1949)  TIP  C3007  Confidential 

The  mechanism  of  dissociation  drag  Is  discussed 
In  which  mass  moving  with  velocity  in  excess  of 
M  =  10  may  be  subject  to  a  drag,  the  origin  of 
which  lies  In  the  dissociation  of  the  air  through 
which  the  particle  passes.  Consideration  was 
given  to  a  simple  model  of  a  cylindrical  particle 
moving  parallel  to  Its  axis  and,  preceding  it,  a 
plane  shock  of  circular  cross  section  similar 
to  the  shock  which  appears  from  the  end  of  a  bare 
cylindrical  HE  charge  when  detonated  at  the 
opposite  end.  Ionization  effects  occurring  In  the 
range  M  =  10  to  25  can  be  neglected,  but  not  dis¬ 
sociation.  A  plot  Is  shown  of  dissociation  drag 
for  a  Cu  cylindrical  pellet  from  M  =  5  to  25.  An 
analysis  is  made  oi  the  motion  of  a  Cu  particle 
resulting  from  Ihe  firing  of  a  shaped  charge.  Plods 
arc  shown  of  average  acceleration  vs.  velocity,  and 
of  experimental  drag  results  and  calculated 
dissociation  drag. 


L1297 

Naval  Oidnance  Test  Station,  Inyokern. 

HIGH-INTENSITY  TRANSIENT  STRESS  WAVES 
IN  STEEL,  by  X.  S.  Rinehart.  [1950],  lip. 
otagrs.  (SCWP  Technical  memo.  no.  15; 

KRB-60)  (Bound  with  its  TM  no.  759-032050 
Shaped  Charge  Working  Panel  Monthly  Rept. 

Feb.  1-29,  1950)  TIP  C4531  Confidential 

In  a  modification  of  the  Hopkinson-bar  experiment, 
a  small  cylinder  of  explosive  was  placed  against 
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the  front  of  a  heavy  steel  plate  and  a  small  steel 
pellet  was  affixed  directly  opposite  on  the  back. 

The  velocity  of  the  pellet  caused  by  the  detonation 
ol  the  charge  was  measured  by  multlflash  photog¬ 
raphy.  The  Intensities  and  duration  of  the  transient 
stress  wave's  in  the  metal  as  deduced  for  a  typical 
■save  were  consistent  with  observed  scabbing  and 
plastic  deformation  ol  the  metal. 

LIZ93 

Naval  Ordnance  Test  Station,  Inyokern. 

INVESTIGATION  OF  SHOCK  WAVE  PHENOMENA 
IN  AIR,  by  J.  S.  Stanton.  Monthly  progress 
rept.  Ian.’  1-31,  1950.  Gp.  TIP  C51441 

Confidential 

Brief  summaries  report  progress  on:  (a)  interior 
ballistics  (collapse  and  imagery  of  transparent 
conical  liners);  (b)  exterior  ballistics  (penetration- 
card  range,  differential  shadowgraphy);  (c)  shock 
wave  phenomena  (reinforcement  effects,  high- 
ir.tensity  sparks  of  brief  duration);  and  (d)  Instru¬ 
mentation  (wide  angle  Kerr  camera,  project  helix, 
streak  camera  timer). 
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RESEARCH  IN  ULTRA  SPEED  PARTICLES,  by 
J.  S.  Stanton.  Progress  rept.  Dec.  1,  1949- 
Feb.  28,  1950.  May  1,  1950,  4p.  TIP  C4241 

Confidential 

The  technique  used  for  observing  the  functioning 
of  shaped  charges  designed  to  produce  high-speed 
particles  involves  direct  forward  stereoscopic 
observation  by  streak  camera  of  the  collapsing 
liner  when  suitable  tracers  are  added  to  delineate 
the  motion  ci  individual  elements.  The  following 
tracers  were  successfully  used:  Ce  oxide,  red  P, 
and  T!i02(99%)-Ce02tlX4.  The  last  of  these  gave 
tracers  winch  were  clearly  visible  to  the  point  of 
jet  coalition  and  was  markedly  superior  to  any  ol  the 
ethers.  By  filling  several  circular  troughs 
(0. 032  in,  wide  by  0. 005  in.  deep)  with  the 
Th02-Ce02  powder,  complete  information  could 
be  obtained  as  to  the  trajectories  of  the  elements 
originating  near  this  trough.  Collapse  velocities 
were  measured  as  a  function  of  position  on  ihe 
liner  for  conical  Cu  liners.  The  use  of  clear  plas¬ 
tic  cones  confirmed  the  fact  that  the  detonation 
front  sweeps  with  uniform  speed  down  the  length 
of  the  ccnical  liner,  A  method  of  producing  high¬ 
speed  particles  being  investigated  involves  taking 
a  projectile  (spheriral  steel  ball)  shot  from  a 
standard  gun  and  attempting  tc  accelerate  it  by 
passage  down  the  axis  of  a  detonating  helix  of 
explosive  (Primacord).  The  pitch  of  the  helix  is 
graduated  to  keep  pace  with  the  projectile  accelera¬ 
tion.  Maximum  velocities  of  about  20,  000  ft.  /sec. 
may  be  available  by  this  method.  A  single  turn 
of  the  helix  (doubly  wound)  in  a  heavy  barrel  wa3 
designed  to  match  the  entry  speed  (3720  ft.  /sec i 
of  the  projectiles  available.  Synchronization  of 
the  helical  detonation  with  the  passage  of  the 


projectile  was  accomplished  photoelectrically  and 
by  varying  ihe  length  of  the  Primacord  lead  into 
the  helix.  By  varying  the  synchronization,  the 
projectile  could  be  decelerated  or  accelerated  as 
much  as  75?>  in  passing  through  a  single  turn  of 
the  helix.  Numerous  shaped  charges  were  fired 
through  penetration-card  ranges  composed  of 
spaced  sheets  of  X-ray  film.  By  Imparting  a 
swiveling  motion  to  the  charge,  ir  was  shown  that 
the  periodicity  of  flashing  of  parades  is  not 
related  to  the  rotation  of  the  particle.  (TIP  abstract) 
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RESEARCH  IN  ULTRA  SPEED  PARTICLES,  by 
J.  S.  Stanton.  Quarterly  rept.  Mar.  1-May  31, 
1950.  June  21,  1950,  [10]p.  fcicl.  lllus.  (NOTS 
Technics',  memo.  no.  7594-062150)  TIP  C4559 

Confidential 

The  mechanicro  of  erosion  for  fast  particles  in 
passage  through  0.  020-in.  cellulose  acetate  films 
was  studied  by  the  streak  camera.  The  study 
revealed  a  similarity  to  the  flashing  erosion  in 
gases  and  to  the  skirt  surrounding  the  base  cf 
shaped  charge  jqts.  In  addition,  it  showed  that 
the  majority  of  particles  from  a  shaped  charge  did 
not  luminesce  in  passage  through  the  air  unless 
they  struck  a  target.  Glass  and  gold  shaped 
charges  were  fired  to  study  the  effect  of  chemical 
oxidation  upon  the  drag  of  fast  particles,  but  the 
particles  produced  were  too  small  for  trajectory 
analysis. 
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EVALUATION  OF  VAPORIEIC  DAMAC-E  BY 
STREAK-CAMERA  PHOTOGRAPHY,  byM.  D.  Blatt. 
May  15,  •  1950,  8p,  incl.  illus.  dingrs.  (SCWP 
Technical  memo.  no.  16)  (Bound  with  Its  Quar¬ 
terly  rept.  Mar.  1-May  31,  1950  on  the  Shaped 
Charge  Working  Panel)  TIP  C4 54 1  Confidential 

Target-damage  tests  and  exploratory  rounds  with 
shaped-charge  warhead  sections  showed  that 
individual  particle  velocities  before  and  after 
striking  the  target  can  bo  determined  by  the 
streak  camera,  and  that  the  extent  ol  vr  perific 
damage  (the  explosive  effect  produced  when  high- 
velocity  particles  strike  Al)  can  be  correlated  with, 
the  intensity  and  duration  of  the  recorded  flash. 
When  the  desired  level  of  damage  Is  produced  by 
1  of  a  graduated  series  of  charges,  the  average 
particle  size  of  the  effective  charge  may  be  ob¬ 
tained  by  water  collection  of  particles  from  similar 
charges. 
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6.5-IN.  ANTITANK  AIRCRAFT  ROCKET  (ATAR) 
DESCRIPTION  AND  INSTRUCTIONS  FOR  USE. 
July  26,  1950,  I8p.  incl.  Ulus,  tables.  (NOTS 
rept.  no.  305;  NAVORD  rept.  no.  1243) 

TIP  C4390  Confidential 
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SECRSr 


The  6.  50-ln.  antitank  aircraft  rocket  (ATAR) 
described  is  a  fin-stabilized  rocket  with  shaped 
charge  head  and  an  electric  contact  fuse.  The 
■weapon  is  capable  of  penetrating  16-in.  armor 
and  functioning  at  obliquities  up  to  70°.. 
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MANUAL  FOR  S RAPED- CHARGE  DESIGN,  by 
R.  A.  Brimmer.  Aug.  17,  1950,  SSp.  Ulus, 
diagrs.  31  refs.  (NOTS  rept.  no.  311;  NAVORD 
rept.  no.  1343)  TIP  C4380  Confidential 


This  manual  is  intended  for  the  practical  designer 
of  shaped  charges.  It  contains  little  theory,  but 
Is  a  compilation  or  the  best  available  Information 
on  the  penetration  of  various  charges  and  the 
explosives  used.  Examples  of  present  designs 
and  proposals  for  further  designs  of  shaped 
charges  are  listed.  (MOTS  abstract) 
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USE  OF  TRACERS  TO  STUDY  THE  COLLAPSE 
PROCESS  IN  SHAPED  CHARGE  LINEItS,  by 
J.  S.  Stanton  and  B.  B.  Dunne,  Jr.  Aug.  22, 
1950,  13p.  incl.  illus.  diagrs.  (SCWP  Technical 
memo.  no.  23)  (Bound  with  its  Quarterly  repts. 
Max.  1-Aug.  31,  1950  on  the  Shaped  Charge 
Working  Panel)  TIP  C4544  Confidential 


A  Bowen  rotating-mirror  camera  and  2  mirrors 
were  arranged  to  photograph  simultaneously  the 
appearance  of  a  collapsing  liner  from  the  axial 
and  an  abaxial  position.  Tracer  material  was 
packed  into  a  shallow  trough  cut  in  the  observed 
surface  of  the  liner  to  label  the  elements  of  the 
liner.  Cerium  oxide  and  a  ceria-thoria  combina¬ 
tion  were  successful.  Tracer  trajectories  for  60" 
Plexiglas  and  60°  Cu  liners  started  abruptly  at  the 
time  the  detonation  front  struck  the  coated  element 
and  persisted  io  the  point  of  coalition.  The  Plexigiae 
■  cones  formed  a  broad  diffuse  jet  which  was  highly 
luminous  immediately  after  coalition.  The  jet 
material  from  Cu  was  not  luminous  for  several 
pscc.  after  collapse  and  Ihe  tracer  elements  could 
be  followed  into  and  along  the  jot,  which  was  much 
narrower  than  for  Plexiglas.  Radial  collapse 
velocities  were  generally  quite  constant  after  the 
initial  acceleration.  (TIP  abstract) 
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FACTORS  INFLUENCING  SCABBING  OF  METAL 
PLATES,  by  J.  S.  Rinehart.  Sept.  1,  195C,  19p. 
Incl;  tables,  diagrs.  (SCWP  Technical  memo, 
no.  22;  RRB-88)  (Bound  witli  Its  Quarterly  repto. 
Mar.  1-Aug.  31,  1950  on  the  Shaped  Charge 
Working  Panel)  TIP  C4546  Confidential 


A  modified  Hopklnson-bar  experiment  was  em¬ 
ployed  to  determine  the  spatial  distribution  of 
particle  velocities  in  the  high-intensity  stress 
wave  Induced  in  a  metal  plate  by  a  charge  exploded 


t  --I''— -  -w 


/w  '■,'S 


against  1  face.  The  resultant  scabbing,  or  frac¬ 
turing  near  the  opposite  face  surface,  of  several 
metals  was  found  to  be  governed  principally  by 
the  spatial  distribution  of  particle  velocity  within 
the  wave  and  the  critical  impact  velocity  of  the 
material. 
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A  NEW  APPROACH  TO  SHAPED -CHARGE 
PENETRATION,  by  J.  .6.  Rinehart.  Sept.  1,  >  950, 
lOp.  incl.  diagrs.  (SCWP  Technical  memo, 
no.  21;  RRB-B5)  (Bound  with  its  Quarterly  repts. 
Mar.  1-Aug.  31,  1950  on  the  Shaped  Charge 
Working  Panel)  TIP  C4547  Confidential 


The  jet  was  treated  as  a  small  group  of. discrete 
particles  rather  than  as  a  continuous  jet  of 
material.  Agreement  between  theoretical  pre¬ 
dictions  and  experimental  observations  was 
excellent  in  a  limited  number  of  tests. 
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6.5-IN.  ANTITANK  AIRCRAFT  ROC  'ET  (ATAR) 
6.5-IN.  ROCKET  HEAD  MARK  2  MOD  0, 
DESCRIPTION  AND  INSTRUCTIONS  FOR  USE. 
Sept.  1,  1950,  15p.  Incl.  illus.  tables.  (NOTS 
rent.  no.  318;  NAVORD  rept.  no.  1254) 

Tip  C1483  Confidential 


This  rept.  describee  tho  6.  50-ln.  antitank  air¬ 
craft  rocket  (ATAR)  with  the  8. 5Q-!n.  rocket 
head  ME  2  Mod  0  and  give*;  handling  instructions 
(or  the  complete  round.  This  weapon  employs  the 
shaped  charge  principle  anti  is  designed  for  use 
by  aircraft  against  heavily  armored  vehicles.  It 
uses  the  5. 0-in.  rocket  motor  Mk  2  all  Mods  and 
Iuk  10  all  Mods  commonly  known.as  the  HVAR 
motor.  The  Mk  2  Mod  0  head  is  an  improved 
version  of  the  earlier  production  Mod  101  head. 
Only  the  differences  between  the  ATAR  and  the 
HVAR  ate  described  In  this  rept.  (NOTS  abstract; 
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EXTERIOR  BALLISTICS  OF  THE  6.5-IN. 
ANTITANK  AIRCRAFT  ROCKET  (ATAR). 

PART  I.  EXPERIMENTAL,  by  L.  Riggs.  Oct.  1, 
1350,  35p.  incl.  iilue.  iables.  (NOTS  Technical 
memo.  no.  379)  Confidential 


The  experimental  procedure  and  analysis  of  data 
are  outlined  and  comparisons  between  theoretical 
and  experimental  results  aie  made  for  a  rocket 
with  a  proposed  6.  5-in.  shaped  charge  head  using 
the  5. 0-in.  HVAR  motor  and  the  standard  HVAR 
rocket. 


Naval  Ordnance  Test  SUliun,  Inyokern. 

SHAPED  CHARGE  TESTS  AGAINST  SIMULATED 
AIRCRAFT  SECTIONS,  by  G.  C.  Throner  and 
others.  [1951],  5p.  illus.  diagrs.  (NOTS 
Technical  memo.  no.  400)  Confidential 
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Shaped  charges  were  fired  against  representative 
alrcralt  sections  and  other  materials  Mk  3  shaped 
charges  were  fired  at  standoff  distances  ranginz 
from  5  to  80  ft.  agafnst  targets  consisting  of 
Z  I/8-ln.  A1  plates  spaced  io  in.  apart.  Results 
showed  t  at  .jiaximum  damage  was  don »  at  ap¬ 
proximately  10-  to  20-ft.  standoff,  which  cor¬ 
responded  to  an  optimum  slandoff  for  aircraft 
damage  of  about  60  cone  diameters.  Design 
criteria  for  shaped  charge  warheads  for  use 
against  air  targets  were  Invest f gated  Results 
of  these  experiments  with  larger  shaped  charge 
liners  (60  and  80°)  indicated  that  the  --- 
effective  standoff  for  Cu  liners,  both  cast  and 
electroformed,  was  greater  than  200  ft.  Maximum 
effective  standoff  for  steel  liners  was  about  15GfL 

vnnl'  n/  d^meter  ,iners  between  150  and 
<s0Q  ft,  for  S-m.  llnera* 
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EXPLORATION  OF  SHAPED  CHARGE  EFFECTS 
?£r°™  «MOR,  byC.  E.  Welnland. 

1951 ’  5p-  lUus-  taWe-  (NOTs  Technical  rent, 
no.  403.-LP-G08A  TH-6)  TIP  C54321 

Confidential 
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GROUND  RANGE  BALLISTIC  TESTS  OF  8  CM. 
OERUKON  ROCKET,  INTERIM  REPORT  OF 
by  G.  Leitmanu.  Feb.  22,  19S1,  4p.  illus.  ’ 
tables.  (NOTS  Technical  note  no.  503G-70) 

Confidential 

Tests  were  made  to  determine  the  basic  ballistic 
parameters  of  the  Swiss  8-cm.  Oerlikon  rockei 
Including  rounds  fitted  with  simulated  HEAT 
(shaped  charge)  heads.  The  weight,  c. g 
verse  moment  of  Inortia,  polar  moment  of  Inertia, 
velocity,  acceleration,  drag,  and  spin  rate 

nrfrf  >  wcre  dcte™lned  for  the  10  HEAT  rounds 
fir  d.  The  values  of  spin  rate  obtained  by  spin 

nhiot  V?  "l  S,ubKtantlal  aBrccment  with  those 
obtained  by  photographic  moans.  These  pre¬ 
liminary  dsta  are  presented  in  tables  and  graphs. 
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EFFECT  OF  SINGLE  HYPERVELOCITY  PFT 

TrnNS/»GA^’ST  PIMULATED  AIRCRAFT  SEC¬ 
TIONS,  by  R.  D.  Smith,  D.  R.  Kennedy,  and 

Sots  Technic;,  pr-  19>  1S51’  5p-  illu°-  tables. 

INOi  S  Technical  memo.  no.  Ill)  TIP  C6066 

Confidential 

^riIic  effects  prod-red  by  single  hypervelocitv 
(8000  to  5,000  It. /sec.)  pellets  of  known  ma^es 

hittinc  VlT*  charBcs,  used  for  comparison, 
hitting  simulated  aircraft  structures  containing  ’ 
various  atmospheres  (clr,  N,  He,  O,  or  exhaust 
gases)  were  recorded  photographically.  Three 

♦Heference  not  verified  ln  the  original. 

SECRET 


charges  fired  against  the  O-Illled  target  boxes 
produced  heavy  damage  In  the  target  due  to 

f‘re  and  ^Plosion.  The  target  boa  was 
desixvtu  when  hit  uy  the  Mk  2  shaped  charge. 

L1319 
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PRELIMINARY  REPORT  OF  THE  AIR-FforNG 
OF  THE  8-CM.  GERUKON  AIRCRAFT  ROCKET 

mT^PT-  2I-  1051.  VP  'Inclftablea  ’ 

diagra.  (NOTS  Technical  note  no.  5038-78) 

•  Confidential 

F5in  rocket  was  flrcd  from  as 

F51D  aircraft  to  determine  dispersion  and  tra- 

('r  1Jle  rockct  mtsd  with  HEAT- 
type  and  HE-type  heads.  The  preliminary  data 

1,1  UbleS  and  Kraphs.  Mopene- 
(ration  data  ars  given. 

LI  3 14 
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EFFECTIVENESS  OF  SHAPED  CHARGFS 

against  aircraft  targets  at  long 

2f2DJP”;  b^  lAl  Sedy. 

SS  ®*  CA:  Th5onEr-  Way  25,  1951,  13p.  Ulus! 

TIP  06632^°"  N°TS  Technlcal  merao,  no.  433) 

Confidential 

shaordech°af3'V50'ln-  12°°  ^  standard 
shaped  charges,  was  fired  at  long  standoff  to 

^  *r“  ne,the  Plaiting  optimum  standoff  for 

I?™?  t0  s,mu,ated  aircraft  sections 

UmitwUtS  ndlf led  that  aljout  125  ft.  was  the 
limiting  standoff  for  effective  vaporiflc  damage 

SrdarH  °w  that  the  Jet  produced  b?  the  ! 20* 
standard  charge  was  not  luminous  and  that  ita 

Sto^f1’^00  ft-/oec- 5  was  l^er 

r°m  comparable  charges  with 
smaller  liner  apex  angles. 
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Pe  °,erli,ton  alrcra«  rocket,  a  solid-fuel 

fin-stabilized  round  with  a  burning  time  0  93  sec’ 
and  a  maximum  velocity  of  800  m.  /sec.  was 

phy^Sfch-  ^°,TL\  rhe  delal,s  of  construction. 
Physic.,]  characterlshca  2mj  dimensions  of  the 
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Appendixes  contain  verbatim  copies  of  Oerlikon 
brochures  no.  1112,  "  'Oerlikon'  8  cat.  Aircraft 
Rockets’*  and  no.  1134,  "The  ‘Oerlikon1  Ftocket- 
Projeclile  Fuze  Typo  KVD." 

L1310 
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STUDIES  OF  DAMAGE  TO  AIRCRAFT  MATE5- 
R1ALS  BY  SHAPED  CHARGES  AT  LONG 
STANDOFFS,  by  □„  R.  Kennedy,  R.  D-  Smith, 
and  others.  Aug.  2(5.  1951,  63p.  incl.  illus. 
diagrs.  (NOTS  Technical  memo.  no.  443) 

TIP  C7 049  Confidential 

Shaped  charges  were  fired  at  long  standoff  against 
representative  aircraft  sections  and  materials 
and  against  actual  aircraft.  When  several  standard 
and  modified  Mk 3  shaped  charges  were  fired 
against  spaced  Al-piate  targets  (5  to  60  ft.), 
maximum  target  damage  occurred  at  about  10-ft. 
standoff  (40  cavity  diameters).  Severe  structural 
damage  occurred  when  type-A  charges  Loaded 
with  Comp.  C3  were  fired  against  5  different 
types  of  aircraft-wing  construction.  The  extent  ol 
severity  was  proportional  to  the  degree  of  confine¬ 
ment  and  the  weight  of  the  target-section  bracing. 
The  best  approximation  of  jet  striding  velocity  was 
obtained  by  placing  a  marker  in  the  line  of  fire 
and  measuring  the  average  velocity  over  the  last 
20  ft.  of  flight.'  Dispersion  patterns  from  a  type-B 
charge  at  12b -ft.  standoff  were  obtained  with  a 
16-  x  16-ft.  Celotex  target.  Forward  projected 
fragments  were  recovered  by  firing  the  charges 
into  large  masses  of  ice.  The  C-ln.  diameter  A1 
shaped  charge  liners  produced  greater  damage 
to  the  FM2  aircraft  than  Cu  liners.  Conditions 
desirtd  for  inflicting  K-kiil  damage  to  F6F  air¬ 
craft  Include  aiming  the  charge  so  that  the  ceoleT 
of  the  jet  will  strike  the  aircraft  and  employing  an 
optimum  liner  angle  between  80°  and  1203.  Stand¬ 
off  distances  of  125  ft.  or  less  and  chargo  diam¬ 
eters  of  6  In.  or  greater  were  indicated.  Vaporiflc 
damage  was  decreased  when  the  aircraft  interior 
was  filled  with  engine  exhaust  gas  (1.4%  O,  11.5% 
C02,  and  3.  3%  CO). 
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6.  5-IN.  ROCKET  HEAD  MARK  2  MOD  0 
DESIGN,  MANUFACTURE,  AND  EVALUATION, 
by  W.  A.  Swenson.  Oct.  9,  1951,  33p.  Incl. 
illus.  tables,  diagrs.  (NOTS  rept.  no.  445; 
NAVORD  rept.  no.  1913)  TIP  C7539 

Confidential 

A  0. 5-ln.  rocket  head  haB  been  designed  for  use 
with  t*m  5. 0-ln.  rocket  motors  Mk  2  and  Mk  ID, 
all  Mods.  The  head  Ins  a  windscreen  3  ealitern 
long,  a  body  containing  a  HE  shaped  charge,  and 
an  electric  base  fuze  powered  by  dry  batteries.  ’ 

A  switch  on  the  nose  of  the  windscreen  Is  closed 
cn  impact  with  the  target  to  complete  the  electrical 
circuit  of  the  base  fuze.  The  i'UZc  will  function  on 
1/8-fn.  mild  steel  plate  and  at  obliquities  as  high 
as  30°.  The  head  weighs  approximately  IB  lb. ,  In¬ 
cluding  20.  5  lb.  of  Cemp.  B.  It  Is  39  in.  long, 


measured  from  the  motor  seating  surface  to  the 
forward  end  ol  the  nose  fuze,  and  has  a  maximum 
outside  diameter  of  0.  625  tn.  It  is  capable  o2 
consistently  penetrating  17  In.  of  armor.  Design, 
manuf.’ctuie,  test,  and  handling  properties  of 
this  head,  designated  the  6.  5-ln.  Rocket  Head 
Mk  Mod  0,  are  discussed.  (NOTS  abstract) 

L1316 
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BALLISTIC  EVALUATION  OF  THE  8-CM, 
OERLIKON  AIRCRAFT  ROCKET,  by  L.  Riggs 
and  H.  L.  Newkirk.  Mar.  13,  1S52,  29p.  incl. 
Illus.  tables,  diagrs.  (NOTS  repL  no.  502; 
NAVORD  rept  no.  1943)  jlP  C79B4 

Confidential 

The  B-cm.  Oerlikon  aircraft  rocket  with  both 
HEAT  and  HE  type  heads  was  fired  from  a  station¬ 
ary  launcher  to  determine  velocity,  acceleration, 
drag,  and  spin.  Wind-tunnel  tests  were  also  made 
to  obtain  pitching-moment,  axial  drag,  and  normal- 
force  coefficients  for  various  yaw  angles  at 
M  =  0.7  and  1. 7.  In  addition,  dispersion  and 
trajectory  drop  estimates  were  made  from  over 
200  air-to-ground  firings.  The  data  are  given  in 
appendixes. 
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INVESTIGATIONS  OF  THE  EFFECTS  OF 
SHAPED  CHARGES  BEYOND  DEFEATABLE 
ARMOR,  by  D.  R.  Kennedy,  G»  C.  Throner,  and 
S.  G.  Wagenseller.  June  27,  1952,  107p.  incL 
Illus.  tables,  diagrs.  (NOTS  Technical  memo, 
no.  432)  TIP  CB16B  Confidential 

This  shaped  charge  study  consists  ol  3  parts: 

Part  L  Determination  of  masses,  shapes,  and 
spatial  distribution  of  fragments  ejected  beyond 
armor.  Remits  Indicated  that  there  was  no  strict 
relationship  between  hole  dimensions  Li  the  main 
target  and  the  amount  of  fragment  damage  as 
determined  from  fragment  screens.  Generally, 
however,  those  charges  (A1  liners)  producing  the 
greatest  hole  size  were  responsible  for  the  greatest 
fragment  damage,  while  those  giving  the  smallest 
holes  usually  produced  the  least  fragment  damage. 
On  the  basis  of  fragment  lelhality  (a  mass  over 
3  g.  and  excluding  the  slug)  the  A1  liners  gave  the 
greatest  masses  at  greatest  angles  of  dispersion. 
However,  the  steel  liners  produced  more  numbers 
of  lethal  fragments  than  either  the  Cu  or  A1  liners. 
It  was  concluded  that:  (a)  smaller  liner  apex 
angles  (42.5°  and  60°)  gave  more  lethal  fragments 
than  did  wider  liner  angles;  (b)  doubling  the  liner 
thickness  of  the  6-in.  charge  from  3  to  6%  of  the 
cavity  diameter  more  than  doubled  the  mass  and 
number  of  lethal  fragments;  (c)  the  mass  and 
number  of  lethal  fragments  beyond  armor  was 
Increased  multifold  by  Increasing  the  liner 
dimensions  only  twofold.  Part  EL  Comparative 
Iragment  dispersion  on  angle  plates  beyond  armor. 
Observations  madtT beyond  defeated  armor  shnwcil 
that:  (a)  the  Cu  jet  spray  consisted  of  small, 
norJuminous,  high  velocity  fragments;  because  of 
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their  velocity  in'!  ductility,  these  fragments 
tended  to  plate  out  on  the  primary  armor  rather 
than  to  ricochet;  (b)  the  steel  jet  was  made  up  of 
larger,  luminous,  slightly  ioaer  velocity  frag¬ 
ments  which  tended  to  ricochet  on  plates  beyond' 
the  primary  target;  (c)  the  Al  jet,  composed 
primarily  of  large  spall  fragments  at  wide  dls- 
persioh  angles  and  at  lower  velocities  than  the 
other  2  jels,  displayed  an  even  greater  tendency 
than  the  steel  jei  to  ricochet  on  the  secondary  tar¬ 
get  plate.  Part  HI.  Determination  of  pressures  arnf 
leinperaLures  generated  in  coulined  targets  as- 
f eated  by  shaoed  changes.  On  the  basis  or  charge 
diameter,  steel  and  Cu  liners  were  infeilor  to  Al 
!n  pressure  and  temperature  tests.  Correlations 
between  maximum  temperature  and  pressure  rise 
and  liner  apex  angle  were  not  observed.  Complete 
test  data  are  given  in  appendixes. 
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DEMOLITION  LINE  CIIARGii  NOTS  MODEL301A 
PRELIMINARY  DEVELOPMENT,  byM.  B.  Gentry. 

T..I—  *>l  '»«-».  .  i..  .1  /-.vr^ 

--‘j  nt,  li-ev,  u  t  |i,  f  Uu.r. 

rept.  no.  562;  NAVORD  rept.  no.  1580) 

TIP  C8872  Confidential 

This  forward-thrown  demolition  charge  is  300  ft. 
long  having  a  Comp.  C3  or  C4  explosive  charge 
of  fi  lb.  /ft.  It  is  capable  of  rocket-powered 
flight  for  a  distance  of  600  fi.  and  is  detonated 
electrically.  Tests  with  inert  and  live  assemblies 
gave  satisfactory  results. 
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NONCRITICAL  METALS  SUITABLE  FOR 
SHAPED  CHARGE  CONES,  by  [D.  R.  Kennedy]. 
[1953),  p.  21-26,  incl.  illus.  diagrs.  (In  Its 
Rocket  Quarterly,  v.  1,  Mar.  1953,  NOTS  rept. 
no.  649,  Confidential)  Confidential 

In  this  brief  review  of  pertinent  shaped  charge 
studies  conducted  at  NOTS,  shaped  charge  nomen¬ 
clature  Is  presented  and  the  performance  of  Al, 

Cu,  Zn,  Mg,  steel,  and  malleable  Fe  liners  are 
considered.  Photographs  of  the  exit  holes  in 
6. 0-in.  Class  A  armor  plate  produced  by  Cu,  Al, 
and  steel  liners  of  idenUcal  geometry  are  also 
Included. 
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SHAPED  CHARGE  LAND  MINE  TESTS, 
by  D.  H.  Kennedy  and  E.  G.  Rcby.  Feb.  23,  1952, 
12p.  incl.  Ulus,  diagrs.  (NOTS  Technical  memo, 
no.  1099)  Secret 

A  limited  series  of  tests  was  made  to  compare  the 
effectiveness  of  Al  liners  with  Cu  liners  In  shaped 
charge  antitank  mines.  The  maximum  barrier 
used  In  the  tests  was  3  ft.  of  loosely  packed  soil, 
with  the  targets  (2-in.  Class  E  homogeneous  armor 
plate)  being  set  18  in.  above  the  surface  oi  the 


earth  (Item  no.  L1346).  Standotf  distance  was 
a  In.  It  war  concluded  that:  (1)  the  liner  material 
was  the  most  Important  single  variable  In  warhead 
design;  (2)  Cu  liners  were  most  effective  at  sizes 
smaller  than  5-in.  diameter;  (3)  Al  liners  of 
S-in.  diameter  gave  the  highest  kill  probability; 

(4)  shaped  charges  damaged  armor  when  buried 
comparatively  deep  (2  ft.)  In  the  soil;  (5)  an  In¬ 
crease  in  the  explosive  charge  beyond  that  needed 
lor  Liner  collapse  did  not  increase  the  charge's 
penetration  properties:  and  (6)  the  point  of  initia¬ 
tion,  whether  nc3e  or  basev  had  no  discernible 
effect  on  the  jot  penetration  through  earth.  A 
tabular  summary  of  the  test  data  is  given  In  an 
appendix. 
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STUDIES  OF  DAMAGE  TO  AIRCRAFT  STRUC¬ 
TURES  BY  SHAPED  CHARGES  AT  LONG 
STANDOFFS,  by  D.  R.  Kennedy,  R.  D.  Smith, 

G.  C.  Throner,  and  S.  G.  Wagenseller.  Mar.  17, 
1953,  34p.  incl.  illus.  tables,  diagrs.  (NOTS 
repL.no.  672;  NAVORD  rept.  no.  2018)  AD- 14  162 

Confidential 

Experiments  were  conducted  to  study  production 
of  damage  to  aircraft  structures  from  shaped 
charges  fired  at  standoffs  of  30  to  200  ft.  In  order 
to  determine  the  feasibility  oi  using  such  charges 
for  guided-mlsslle  warheads.  Results  indicate 
that  shaped-charge  warheads  are  capable  of  pro¬ 
ducing  K-kill  damage  to  aircraft  from  12G-JL 
standoff,  if  they  have  the  following  characteristics: 
(1)  the  axis  of  Die  charge  aimed  so  that  the  center 
of  its  jet  will  strike  the  aircraft;  (2)  a  liner  angle 
between  60°  and  120°;  (3)  a  charge  diameter  of 
6  in.  or  greater;  (4)  liner  material  of  Al,  steel, 
or  Cu  (In  order  of  decreasing  effectiveness);  and 
(5)  a  liner  thickness  of  at  least  6%  oi  the  cha:ge 
diameter. 
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EFFECTIVENESS  OF  2. 75-IN.  SHAPED  CHARGE 
HEAD  AGAINST  ARMOR,  by  F.  H.  ScheutL 
Aug.  18,  1953,  7p.  Incl.  tables,  diagr.  (NOTS 
rept.  no.  743)  Confidential 

The  terminal  ballistics  performance  of  the  2. 75-In. 
HEAT  head  and  T2023  iuze  against  armor,  and 
Its  lethality  against  the  Russian  T34/85  tank  are 
discussed.  Test  firings  of  77  HEAT  rounds 
(2.75  in.)  into  STS  and  Class  B  armor  Indicated 
average  penetrations  of  more  than  8  In.  at  0°  ob¬ 
liquity  and  between  6  and  7  fa.  at  45°  and  60° 
obliquity.  In  considering  damage  beyond  armor, 
ft  was  believed  that  the  fragments  produced  by 
the  2. 75-in.  HEAT  head  were  too  low  In  kinetic 
energy  and  too  small  to  cause  damage  to  com-  - 
ponents  other  than  tankmen.  Uoing  data  obtained  at 
the  Aberdeen  Proving  Ground  (item  no.  L292),  the 
following  estimates  of  conventional  kJU  probability 
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lor  the  2. 75- in.  HEAT  head  against  the  Russian 
T34/85  tank,  were  made: 

Damage  Criteria  Probability  of  KlllGWenalllt 
Loss  of  mobility  -  33 

Damage  beyond  •  13 

recovery 

A  .iftm  azimuth  orientation  of  the  target  tank, 
a  20“  angle  of  dive,  and  an  average  target  area 
of  124  sq.  ft.  were  assumed. 
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SHAPED  CHARGE  LAND  MINE  TESTS.  PART  a, 
by  T  H  Da-ds  and  D.  E.  Brink.  Sept.  14,  1953, 
18t).  incl.  Ulus,  tables.  -(NOTS  Technical  memo, 
no.  1482)  Sccret 


Comparison  of  the  effectiveness  of  A1  and  Cu  coni¬ 
cal  liners  in  a  shaped  charge  land  mine  was  made. 
The  test  data  indicated  that  the  AL  liners  were  not 
successful  witliin  the  limitations  of  size,  shape 
and  soil  barriers  to  be  defeated.  The  shaped 
charge  having  a  5-ln.  diameter,  46  ,  0. 15-in. 

Cu  conical  liner  backed  by  15.  5  lb.  of  Comp.  B. 
defeated  2-in.  Class  B  armor  plate  through  a 
48-in.  sand  barrier  and  18-ln.  airspace.  However, 
the  same  charge  felled  to  defeat  the  target  pmte 
under  identical  conditions  when  a  1-ln.  thick  A1 
ylntn  was  placed  at  an  8-in.  standoff  from  the  liner 
to  simulate  the  fuze  mass.  It  was  recommended 
that  further  tests  be  limited  to  shaped  charges 
■with  Cu  liners,  varying  only  the  soil  barrier,- 
explosive  weight,  and  standoff. 
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given  microhardness  tests,  macrophotographed, 
and  their  weights  accurately  determined.  Tests 
wUl  be  made  to  correlate  penetration  effectiveness 
of  the  liners  with  atomic  weight,  crystallographic 
classification,  depth  ol  work  hardening,  heat  of 
oxide  formation,  and  oxide  density.  In  addition, 
tests  will  be  conducted  on  spherical-segment  or 
"dish"  liners  pressed  from  wafers  of  the  same 
metals  to  determine  their  characteristics  at 
standoffs  of  240  caliber.  Soil -barrier  penetration: 

A. combination  of  variables  was  found  that  allowed 
shaped  charge  jet  penetration  through  4  ft.  of 
loose -packed  soil  and  2  in.  of  armor  plate.  Ex¬ 
perimental  difficulties  caused  by  discrepancies  in 
metal  parts  furnished  by  contractors  were  elimi¬ 
nated,  and  the  test  series  was  completed.  Peripheral 
initiation:  It  was  observed  that  the  penetrating 
Efficiency  of  a  lined  shaped  charge  can  be  increased 
by  causing  a  detonation  wave  to  advance  through 
the  explosive  as  if  originating  uniformly  around 
the  periphery  at  the  rear  of  the  charge.  In  practice 
this  is  achieved  by  1-poir.t  axial  detonation  baifled 
by  an  Inert  circular  harrier,  of  diameter  smaller 
than  the  charge,  just  forward  of  the  detonation. 

Five  charges  were  tested  using  steel  linera  of 
2-in.  diameter  and  apex  angle  of  42.  5°.  Maple¬ 
wood  barriers  were  placed  in  4  of  the  charges. 

The  fifth  charge,  acting  as  the  control,  had  no 
bavfer  Firing  data  showed  that:  (1)  the  shallowest 
penetrations  in  the  mild-steel  plates  were  made  by 
the  control  charge  (8.  6  In.)  and  1  of  the  chargeB 
with  barrier;  (2)  the  3  other  charges  exceeded  the 
penetration  of  the  control  by  an  in.  or  more,  ihe 
maximum  penetration  being  10.  i  in. 
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TOWARD  THE  IMPROVEMENT  OF  SOLID 
PROPELLANT  ROCKET  AND  LAUNCHER 
SYSTEMS:  A  PARTIALLY  ANNOTATED 
BIBLIOGRAPHY,  by  D.  J.  Jacks,  R.  E.  Boss, 
andO.  L-  Mitchell.  Dec.  1,  1953,  59p.  (NOTS 
Technical  memo.  no.  1509)  Confidential 

A  section  on  shaped  charges,  containing  7  rspL 
references  from  American  and  British  installa¬ 
tions,  is  included.  The  references  range  in  time 
from  1940  to  1952. 
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APPLIED  RESEARCH  OK  WARHEADS.  Tan.  1, 
3354,  p.  37-89  iacl.  ilfes.  (In  its  Semiannual 
progress  rept. ,  June-Dee.  1353,  NOTS  ST  PR-7; 
NOTS  repL  no.  790,  Confidential)  AD-25  192 

Confidential 

The  following  shaped  charge  investigations  were 
reported:  Penetration  by  shaped  charge  liners  of 
various  materials:  Shaped  charge  cavity  liners  of 
Identical  geometry  (apex  angle  42  ,  1. 5-Ln.  base 
diameter,  0. 10-in.  wall  thickness)  were  manu- 
facLuved  from  Al,  Mg,  Tt,  Ni,  Cu,  Zn  (Zamack-5  die- 
casting  metal),  Zr,  Ag,  Cd,  and  Ta.  These  coni- 
rnl  liners  were  examined  by  X-ray  diffraction. 
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GUIDE D-MISSILE  WARHEAD  SYSTEMS.  Jan.  1, 
1954,  p.  216-218  inch  illus.  table.  (In  Its 

Semiannual  progress  rept. ,  June-Dee.  l9o3, 

NOTS  STPft-7;  NOTS  rept.  no.  790,  Confidential) 
AD-25  192  Confidential 

High-altitude  tests:  Charges  2. 375,  5. 0,  and 
'77515.  long  were  fired  at  ground  level  (2, 300-ft. 
elevation)  to  determine  the  effect  on  charge  veloc¬ 
ity  of  increasing  the  length  of  shaped  charges. 
Firing  da'a  showed  that  with  the  80“  apex-angle, 

0.  lvO-ln.-thick  Al  liners,  the  average  velocity 
over  a  240  caliber  (30-It.)  standoff  (1)  increased 
1005b  when  the  charge  length  was  Increased  from 
2.375  to  5.0  in. ,  and  (2)  increased  130%  with  an 
'  increase  in  charge  length  from  2.375  to  7.0  in. 
Also  tested  were  the  120’  apex-angle,  0. 150-ln,- 
thick  Al  liners  and  Al  dishes  (spherical  segments 
subtended  by  a  90°  solid  angle  from  a  1.  874-In. 
diameter  sphere).  The  dish  lir.ers  gave  the 
lowest  velocity  gradient  over  the  30-ft.  standoff 
of  the  3  geometries  investigated.  DART  antitank 
warhead:  The  penetration  of  the  DART  shaped 
charge  warhead  was  increased  from  15  to  19  In. 
in  a  single  Held  test,  when  the  principle  of 
peripheral  initiation  was  employed.  Aircraft-  ■ 
payload  vulnerability  to  shaped  charge  attack: 
Tests  were  made  to  determine  the  distance  at 
which  shaped  charges  for  guided  missiles  were 
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effective  against  bombs  carried  by  aircraft. 
Charges  with  steel  and  A1  liners  and  dishes  were 
fired  at  0. 75-in.  mild-steel  plates,  simulating 
bomb  casings,  at  standoffs  ranging  from  50  to 
140  ft.  The  120°  steel  liner  was  the  roost  effective, 
giving  14  penetrations  at  1 20- ft.  and  4  st  140-ft. 
standoff.  Leant  effective  at  long  standoffs  were 
the  A1  liners  and  dishes. 
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HYPEHBALLISriCS.  Jan.  1,  1954,  p.  141-243 
incl.  Ulus.  (In  its  Semiannual  progress  rapt. , 
Jr.ne-Dec.  19'53,  HOTS  STPR-7;  NOTS  rept. 
no.  7G0,  Confidential)  AD-25  192  Co'-'idential 

In  the  hyperballistks  research  program,  an  ex¬ 
perimental  technique  was  devised  that  simulates 
liner  collapse  In  a  shaped  charge.  The  method  is 
based  on  the  impact  of  a  cylindrical  projectile 
having  a  90°  ecnical-cavity  nose  on  a  thtn-plate 
target  (0. 020 -in.  Al).  Photographic  data  indicate 
that  material  flows  from  the  inner  surface  of  the 
liner  into  the  cavity.  At  this  point  the  enhanced 
pressure  creates  a  jet  which  cuts  a  hole  in  the 
liner  with  approximately  twice  the  velocity  of  the 
projectile  and  flows  along  the  projectile's  axis. 

In  addition,  a  procedure  was  evolved  to  measure 
the  amount  of  steel  eroded  from  a  shaped  charge 
fragment.  It  is  estimated  that  aerodynamic 
heating  causes  a  70-mg.  steel  plate  to  lose  about 
0. 1  mg. /ft.  of  trajectiry. 
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EXPERIMENTAL  TEST  OF  1000-LB.  SC,  T4E1, 
BOMBS  VS.  HEAVY  CRUISER  TARGET.  [1946], 
Op.  incl.  Ulus.  (Communication  F41-6/L5-2 
(BPO  99129)  to  Chief  of  Bureau  of  Ordnance) 

Confidential 

Two  1000-lb.  shaped  charge  bombs  T4E1,  Comp,  B 
cast  around  a  central  core  of  TNT,  with  modified 
AN  M103  fuzes,  were  fired  against  a  target  simu¬ 
lating  a  heavy  cruiser  with  superstructure.  The 
target  consisted  of  4  3/8-in.  mild  steel  plates 
separated  by  7 -ft.  airspaces,  2  0. 5-tn.  STS 
plates,  10-f..  air  spaces  and  3/8-tn.  mild  steel 
plate.  The  bombs  penetrated  the  target  plates;  it 
was  concluded  that  the  bombs  would  defeat  the 
main  armor  of  the  heavy  cruiser  target  with 
superstructure. 
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FRAGMENTATION  OF  5-IN.  (HC)  EX26  PRO¬ 
JECTILES  WITH  CONTROL  LINERS  EX3,  by 
V.  Wilson.  Final  rept.  Partial  repl.  r.o.  5  on 
Fragmentation  of  Projectiles  and  Warheads. 

June  12,  1950,  12p.  incl.  illus.  table.  (Proj. 
no.  NPG-12-Re2c-35-12,  NPG  rept.  no.  577) 

TIP  C52386  Confidential 


A  test  was  conducted  to  obtain  fragmentation 
(mass  distribution  data)  for  5-in.  HC  Ex26  pro¬ 
jectiles,  Comp.  B  loaded  with  control  liners  Ex3. 
The  Ex3’s  were  Cu  shaped  charge  liners  0.  0DB  in. 
thick  (75°apex  angle)  with  continuous  grooves 
1/8  in.  deep  running  parallel  to  the  projectile  axis 
for  the  whole  length  of  the  projectile's  cylindrical 
portion.  Upon  detonation  these  grooves  acted  as 
shaped  charges  causing  abcut  0.  5  of  the  projectile 
mass  to  break  into  strip  fragments  of  40  to  320  gv 
In  weight.  Appendixes  Include  photographs  of  the 
recovered  fragments  and  a  detailed  table  of  the 
fragment  mass  and  number. 

L1332 

’Naval  Proving  Ground,  Dahlgren. 

FRAGMENTATION  TEST  OF  5-JN.  HC  PRO¬ 
JECTILES  WITH  CONTROL  LINER  EX-4,  by 
M.  Berger.  Final  rept.  Particle  rept  no.  6  oa 
Fragmentation  of  Projectiles  and  Warheads. 

Sept,  5,  1950,  6p.  illus.  tables.  (NPG  rept. 
no.  638)  TIP  C55078  Conlldential 


L1333 

Naval  Proving  Ground,  Dahlgren. 

FRAGMENT  VELOCITY  LAW  FOR  CYLINDER, 
CONES,  AND  COMPOSITE  SHAPES,  bj  R.  E.  Mc¬ 
Connell.  Partial  rept.  no.  1.  Partial  rept.no.  10 
on  Warhead  Characteristics.  Jan.  21,  1951,  8p. 
Ulus,  diagrs.  TIP  C7324  Confidential 

Fragment  velocities  were  determined  over  a  range 
of  charge- mass  ratios  on  annularly  loaded  war 
heads.  Three  each  of  3  types  of  Corap.  C3  war 
heads  11.75  in.  in  diameter  were  employed  which 
contained  hollow  axial  cylinders  that  displaced 
14. 1%,  31.8%,  and  56.  6%  of  the  explosive.  Three 
fully-loaded  cylinders  were  detonated  for  com¬ 
parison.  Under  the  test  conditions  employed,  the 
■  removal  of  an  axial  core  of  explosive  resulted  In 
the  reduction  of  fragment  velocities  from  6070  to 
3700  ft. /sec.  for  0  to  55.6%  of  explosive  removed 
and  charge-mass  ratios  from  0.9218  to  0.3997. 
Graphs  are  appended  which  show  the  relaUonshlp 
between  experimental  and  theoretical  velocities 
for  the  %  explosive  removed.  (TIP  abstract) 
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FRAGMENTATION  TEST  OF  ROD  PRODUCING 
AAP  TRIAL  WARHEAD  NO.  3,  by  M.  Berger. 
Final  rept.  Partial  rept.  no.  15  on  Fragmentation 
Testing  of  Warheads  for  Guided  Missiles.  Mar.  8, 
1951,  6p.  illus.  tables.  (Proj.  nD.  NPG-5-Rc3f- 
001-1,  NPG  rept.  no.  736)  TIP  C5448 

Confidential 

Tests  showed  that  the  Angled  Arrow  projectile 
trial  warhead  no.  3  with  80s  apex  angle  Cu  fluted 
liner  did  not  produce  fragments  of  the  desired  rod 
length.  Fragments  having  an  average  median 
velocity  of  2610  ft. /sec.  were  obtained. 


’Reference  not  verified  in  the  original. 
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5-1N.  ROCKET  HEADS  EX12  (SHAPED  CHARGE). 
DEVELOPMENT  AND  TEST,  by  F,  W.  Kasdorf. 
Final  repl.  Final  rept.  on  Task  Assignment  no. 
NPG-37-Re2c-4G-3.  Partial  rept.  no.  1  on  Task 
Assignment  no.  NPG-Re2c-46-l-5i.  Mar.  30, 

1951,  15p.  111ns.  diagrs.  (NPG  rept-  no.  749) 

TIP  C5887  Confidential 

Empty  5- In.  rocket  heads  Mk  4  Mod  0  with  a 
0. 135-  to  0. 158-1".  wall  were  used  with  approxi¬ 
mately  4  In.  cut  otf  the  closed  base  end.  The 
remainder  ol  the  head,  29  in.  long,  was  cut 
transversely  Q  in.  from  the  nose  to  permit  In¬ 
sertion  of  the  Co  rone.  This  empty  fl-tn.  forward 
section  of  the  finished  head  provided  ihe  essential 
standoff  distance  for  fuze  functioning.  Thec.g. 
of  the  loaded  and  fuzed  round  was  22  3/16  In. 
irom  the  forward  end.  Cu  cones  4. 25-in.  o. d.  at 
the  base,  5.345  in.  high,  and  0.125  in.  Inwall 
thickness  were  Ag-soldered  to  the  stcellocatlng 
ring  and  primneord  casing  tube.  The  explosive 
charge  of  20  lb.  originally  specified  can  be  re¬ 
duced  to  14. 25  lb.  without  materially  affecting  the 
Denetrating  power  of  the  head,  the  decrease  per¬ 
mitting  a  decrease  in  the  over-all  Ikngth  of  the 
head.  The  8-in.  length  section  provides  sufficient 
standoff  for  the  Mk  149  fuze  to  detonate  this  head 
upon  Impact  at  1700  ft.  /see.  and  provides  for  a 
jet  formation  Hat  will  be  giving  maximum  pene¬ 
tration  of  the  target.  The  nose  fuze,  fired  at  air¬ 
craft  striking  velocities,  functioned  high  order 
100%  at  the  time  on  targets  as  t!dn  as  0.  25-tn. 
steel  and  at  obliquities  up  to  63°.  The  head  striking 
its  target  at  1700  ft.  /sec. :  (1)  consistently  pene¬ 
trated  9.  5  in.  of  homogeneous  armor  plate  at  0°, 
45°,  and  60°  obliquity;  (2)  penetrated  3  ft.  of  high 
strength  concrete,  spalling  a  slab  ol  concrete  oil 
the  face  of  the  block  in  the  process;  (3)  penetrated 
18. 5  in.  of  homogeneous  armor  plate  at  0°  obliquity 
on  l  of  4  attempts;  (4)  penetrated  17.  5  In.  ol  homo¬ 
geneous  armor  plate  at  0°  striking  obliquity; 

*5)  had  Its  plate  penetrating  power  reduced  to 
approximately  42%  of  Us  normal  value  when  trig¬ 
gered  15  in.  in  front  oi  the  plate  target  ard  pene¬ 
trated  15  in.  of  sand  before  reaching  the  plate;  and 
(6)  penetrated  the  2.  5-in.  armored  front  plate  of 
a  M4A3  medium  tank  at  a  47°  Impact  angle,  Us 
jet  traveling  the  entire  length  of  the  tank  into  the 
engine  compartment.  (TIP  abstract) 
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FRAGMENTATION  OF  PROJECTILES  AND  WAR- 
'  HEADS,  by  V.  Philipchuk.  Final  rept.  Final 
rept.  on  Fragmentation  of  Rocket  Heads.  Partial 
rept.  no.  10  on  Fragmentation  of  Projectiles  and 
Warheads.  -Apr.  7,  1951,  [G7]p.  ind.  lllus,  tables. 
(Pro),  no.  NPG-Re2c-25-12-51,  NPG  rept. 
no!  764)  TIP  C6017  Confidential 

Tests  were  conducted  to  obtain  the  fragmentation 
characteristics  of  4  types  of  rocket  heads  In¬ 
cluding  2  containing  shaped  charges,  the  5-in. 


Mk  25  Mod  0  (14. 1-lb.  Comp.  B  charge)  and  the 
6.  5-in.  Mk  2' Mod  0  (20.5-lb.  Comp.  B  charge). 

Six  rounds  oi  each  rocket-head  type  were  detonated 
in  the  space  arena,  an  area  of  30-ft.  radius 
walled  by  5-Jt.  high  mild  steel  panels,  to  determine 
fragment  space  distribution  and  fragment  veloc¬ 
ities.  Three  of  the  6.  5-in.  shaped  charge  rounds 
detonated  produced  metal  chugs  weighing  up  to 
1.2  lb.  These  slugs  were  thrown  in  the  jet  path 
and  penetrated  2  plates  of  3/B-tn.  mllu  steel  at 
0°  obliquity.  No  other  slugs  were  recovered  from 
Ihe  shaped  charge  firings.  Three  rounds  of  each 
type  were  placed  In  a  horizontal  position  ov»r  the 
water  pit  and  detonated  to  obtain  mass  distribution 
data  for  the  beam  spray  50°  to  120°  from  the  nose. 
Two  nlghl  photographs  of  the  shaped  charge 
detonations  showed  that  the  6. 5-ln.  Mk  2  Mod  0 
head  gave  a  longer  jet  Ilian  the  5-ln.  Ml:  25  Mod  D 
head.  Round-by-round  assessments  of  the  frag¬ 
mentation  characteristics  of  all  the  rocket  heads 
tested  arc  contained  In  appendixes. 
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Naval  Proving  Ground,  Dahlgren. 

DEVELOPMENT  TESTS  OF  XR48  ELECTRIC 
BASE  FUZE  FOR  5-JN.  SHAPED  CHARGE 
ROCKET  HEAD,  by  R.  T.  Ruble.  Final  rept. 
Partial  rept.  no.  14  on  Aircraft  Rocket  Fuze 
Systems;  Research,  Development,  and  Test. 

June  23,  1951,  12p.  Ulus,  tables.  (Proj.  no. 
NPG-19-Rc2b-ll,  NPG  rept.  ao.  7S3) 

Confidential 

Tests  on  a  0. 350-!n.  diameter  by  0. 100-ln.  thick 
barium  llianate  crystal  showed  that  it  will  produce 
sufficient  electrical  energy  to  fire  a  XR48  fuze 
when  compressed  by  Impact  on  a  target  at 
iBOufi. /sCc.  A  5- in.  shaped  charge  rocket  head 
employing  a  XR48  fuze  penetrated  the  following 
targets:  (1)  18.  5  in.  cf  homogeneous  armor  at  0“ 
obliquity  plus  a  l/8-ln.  steel  plate  placed  2  ft.  be¬ 
hind  the  target  plate;  (2)  4  ft.  of  heavily  reinforced 
concrete;  and  (3)  14,  5  Ip.  through  a  9. 4-ln.  homo¬ 
geneous  armor  plate  set  at  60°  obliquity. 
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Naval  Proving  Ground,  Dahlgren. 

5-IN.  ROCKET  HEADS  MARK  25  MOD.  1; 
SENSITIVITY  AND  PENETRATION  TESTS,  by 
F.  W.  Kasdorf.  Final  rept.  Partial  rept.  no.  2. 
Sept.  1,  1951,  lip.  lllus.  (NPG  rept.  no.  846) 

TIP  C0781  Confidential 

The  5-ln.  shaped  charge  rocket  head  is  approxi¬ 
mately  "2.  5  In.  long,  contains  15.  5  lb.  of  Comp.  B 
explosive,  and  weighs  50.  5  lb.  complete  with 
Mk  149  nose  fuze.  For  sensitivity  tests,  the  heads 
were  secured  to  3.  25-ln.  motors  Mk  7  inserted  in 
5. 0-in.  diameter  tubes  by  special  adapters.  Im¬ 
pact  was  made  on  a  2.  5-ln.  STS  target  plate, 
simulating  a  ship's  bulkhead.  In  penetration  teste, 
the  heads  were  tired  from  the  105C-1L  rocket 
launcher.  Two  5,0-in.  rocket  motors  Mk  2  Mod.  3 
were  used  in  tandem  for  propulsion  of  the  head3  to 
obtain  striking  velocities  ol  1600  to  1800  ft.  /sec. 


A  **-*  V*.  -* 

A  1  -O  « -*■  »  »  z1  *  »•■**  *  "■ 
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The  target  win  a  10.  E-ln.  class  B  armor  plaie 
set  at  0°  obliquity.  The  heads  did  not  deflagrate 
In  20  successive  Impacts  with  the  Z.  5  tn.  armor 
plate  at  200  ft. /see.  (Deflagration  was  defined  as 
the  addition  ol  velocity  to  the  fragments  of  tne 
rocket  head  or  motor  after  target  Impact  by  means 
of  the  explosive  contained  therein.)  Complete 
penetration  of  10.5  in.  of  homogeneous  armor 
plate  at  0°  obliquity  was  accomplished  4  out  of  5 
times'.  The  fifth  round  penetrated  approximately 
16  in.  of  armor.  (TIP  abstract) 
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AAP  ROD-PRODUCING  WARHEADS,  FRAG¬ 
MENTATION  OF,  by  V.  Philipchuk.  Final  rept. 
Partial  rept.  no.  30  on  Fragmentation  Testing  of 
Warheads  for  Guided  Missiles.  Oct.  13,  1951. 

6p,  Ulus,  tables.  (NPG  rept.  no.  650)  TIP  C6667 

Confidential 

Tests  were  conducted  to  determine  the  fragment- 
mass  distribution  of  Comp.  C3  loaded  rod- producing 
war  heads,  type  no.  4,  with  and  without  a  hemi¬ 
spherical  shaped  Cu  Uner.  Both  warheads  were 
assembled  with  AAP  rocket  motors  and  were  heat- 
treated  to  a  hardness  of  Rockwell  C47-.  Neither 
warhead  prcduced  design  length  rod-like  fragments. 
The  warhead  without  the  shaped  charge  liner  pro¬ 
duced  longer  rod-like  fragments.  The  rocket  motor 
was  fragmented  approximately  50%  more  by  the 
warhead  without  than  the  1  with  the  shaped  charge 
liner.  (TIP  abstract) 
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Naval  Proving  Ground,  Dahlgren. 

FRAGMENTATION  OF  3-IN./50  AA  PRO¬ 
JECTILES  MK  27  FOP.  FRAGMENTATION  CON¬ 
TROL,  by  V.  Phlllpch.uk  and  A.  N.  Hughes. 

Final  rept.  Partial  rept.  no.  17  on  Fragmentation 
of  Projectiles  and  Warheads.  Dec.  17,  195!,  dp. 
ilius.  table.  (NPG  rept.  no.  098)  TIP  C721D 

Confidential 

Fragment- mass  distributions  were  determined  for 
Comp.  B-loaded  3-ln.  /50  cal.  Mk  27  AA  pro¬ 
jectiles  with  electroformed  Cu  shaped  charge 
liners  having  12  longitudinal  grooves  traversing 
the  length  of  the  explosive  cavity.  The  12  strip 
fragments  produced  averaged  150  g.  and  5  In.  la 
length.  Fragment-mass  oistrlbution  photographs 
are  appended.  (TIP  abstract) 
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Naval  Proving  Ground,  Dahlgren. 

FRAGMENTATION  OF  5-IN.  (HC)  EX2G  PRO¬ 
JECTILES  WITH  CONTROL  LINERS  B2  AND 
Jl.  by  V.  Philipchuk.  Final  rept.  Partial  rept. 
no.  16  on  Fragmentation  of  Projectiles  and 
Warheads.  Jan.  16,  1952,  8p.  ilius.  tables. 

(Proj.  no.  NPG- Re2c-25- 1-52,  NPG  rept,  no.  902) 

Confidential 

Tests  were  conducted  to  determine  fragment  mass 
distribution  data  for  5-In.  HC  Ex26  projectiles, 


loaded  with  Comp.  B,  with  control  liners  B2  and 
Jl.  Comparative  fragment  velocity  data  were  also 
obtained  from  these  tests  for  projectiles  with  E2 
liners  and  without  liners.  The  B2  liners  consisted 
of  a  3. 9-in.  diameter,  12.  5  In.  tong  Cu  cylinder. 
The  cylinder  was  modified  by  25  longitudinal  rows 
of  grooves  with  each  row  having  25  grooves.  Each 
groove  was  C.  5  i_n  tong,  had  a  75°  apex  angle, 
and  was  0.  25  in.  deep.  The  grooves  In  each  row 
"  were  C-  5  In.  apart  separated  by  flat  portions  td 
the  cylinder.  The  adjacent  rows  were  staggered 
so  that  the  grooves  of  1  row  were  adjacent  to  the 
flat  areas  cf  the  neighboring  rows.  The  liner  wall 
was  0.012  in.  thick.  The  Jl  liner  differed  from 
the  B2  liner  in  that  the  grooves  were  held  from 
the  shell  wall  by  a  1/8-ln.  standoff  distance.  Two 
of  the  3  rounds  which  had  the  Be  liner  showed  some 
degree  of  control  of  fragment  size  while  the  Jl 
liner  was  unsatisfactory  in  controlling  fragment 
size.  The  B2  liner  caused  a  10%  fragment  veloc¬ 
ity  loss  when  compared  with  similar  projectiles 
having  no  liner. 
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5.0- IN.  ROCKET  HEADS  MK  25  MOD  1  WITH 
STEEL  CONES.  Final  rept.  Partial  rept,  .no.  <3 
on  Shaped  Charges.  May  22,  1952,  [20]p.  ilius. 
tables.  (NPG  rept.  no.  978)  TIP  C7942 

Confidential 

Tests  were  made  to  compare  the  penetration  per¬ 
formance  of  the  5-in.  MX  25  Mod  1  inckot  equipped 
with  steel  conical  liners  with  that  of  similar  heads 
having  conical  liner  s  tested  earlier  (item  no. 
L1335).  The  explosive  charge  was  15.5  lb.  of 
Comp.  B.  Results  of  (he  tests  obtained  with  Im¬ 
pacts  at  approximately  1800  ft. /sec.  follow: 


Rounds  Target  Penetration 

fired  Thickness  Obliquity 

Class  B  homogeneous  armor  plate 


2 

10  in. 

45“ 

2  complete 

2 

3  in. 

54“ 

2  complete 

2 

10  in. 

54" 

1  complete 

1  partial  (5  in.) 

3 

10  in. 

60“ 

3  no  penetration 

3 

16-5/8  in. 

0“ 

3  partial  (14to  15 In.) 

Reinforced  12  ft.  x 

12  fL 

concrete  blocks 

1 

4  ft. 

0“ 

1  complete 

1 

6  ft. 

0“ 

1  partial  (4.2  ft.) 

M4A3  Medium  Tank 

1 

2.5  in. 

47° 

1  complete 

It  was  concluded  that  depths  of  penetration  with  the 
steel  liner  heads  are  slightly  less  than  for  those 
with  Cu  liners.  No  consistent  difference  In  the 
size  of  target  openings  was  noted  on  comparing 
steel  with  Cu  liners.  Round-by-romd  assessments 
of  the  firings  are  included. 
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CONTROLLED  FRAGMENTATION  OF  3  IN./50 
AA  PROJECTILES  MK  27,  BY  RUBBER  LINERS, 
by  W.  Wright,  Jr.  Final  rcpt.  Partial  rept. 
no.  21  on  Fragmentation  oi  Projectiles  and  ,r 
Warheads.  Juno  12,  1952,  7p.  illus.  tables, 

(Pro),  no.  NPG-Re2c-3 5-1-52,  NPG  rept.  no.  S33) 
TIP  C8087  Confidential 

Tests  were  conducted  to  determine  the  fragment 
mass  and  fragment  velocity  data  of  3  in./50  AA 
projectiles  Mk  27-2,  Cornp.  B  loaded,  having  75’ 
rubber  shaped  charge  liners  with  12  longitudinal 
grooves  running  the  length  of  the  explosive  cavity. 
The  projectiles  produced  strip  fragments  varying 
from  3.75  to  6  in.  long,  fragments  4.75  In.  long 
or  greater  averaging  111  g.  each,  and  strip  frag¬ 
ment  velocities  averaging  2Z50  It.  /sec.  Result* 
showed  that  there  were  no  appreciable  differences 
between  fragmentation  characteristics  of  the  pro¬ 
jectiles  equipped  with  either  Cu  or  rubber  shaped 
charge  liners. 
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REDUCTION  OF  HAZARDS  IN  HANDLING  AND 
STORAGE  OF  DEMOLITION  CHARGES,  by 
V.  Philipchuck.  Final  rept.  Partial  rept.  no.  7 
on  Shaped  Charges.  July  3,  11152,  9jj.  illus. 

(NPG  rept.  no.  998)  Confidential 

Tests  were  conducted  to  determine  methods  of 
preventing  jet  formation  upon  detonation  of  demoli¬ 
tion  shaped  charges  M2A3  (15  lb.)  and  T3(40  lb.). 

It  was  recommended  that  wood  plugs  for  the.M2A3 
and  concrete  plugs  for  the  T3  demolition  charges 
be  inserted  into  the  cavities  of  the  charges  to 
prevent  jet  formation  and  retardation  of  conical 
liner  fragments. 
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Naval  Proving  Ground,  Dahlgren. 

TESTS  OF  ENERGA  ANTITANK  RIFLE  GRE¬ 
NADE,  by  W.  Wright,  Jr.  Final  rept.  Final  rept. 
on  Tests  of  Energa  Antitank  Rifle  Grenades. 
Partial  rept.  no.  24  on  Projectiles  and  Warhead 
Fragmentation.  Feb,  28,  1953,  5p.  illus.  tables. 
(Proj.  no.  NPG  Re2c-35-I-53,  NPG  rept.  no. 
1094)  AD-7JO0  Confidential 


The  lethal  ranges  of  the  nose,  beam,  and  base 
fragments  of  the  Energa  antitank  shaped  charge 
grenade  containing  0.73  lb.  of  RDX  and  TNT  were 
determined  in  tests.  The  maximum  range  for 
penetration  of  0.  040-In.  dural  plates  by  a  fragment 
from  a  statically  detonated  Energa  grenade  was 
between  275  and  300  ft.  for  the  nose  fragments,  be¬ 
tween  15  and  20  ft.  for  the  beam  spray  fragments, 
ar.d  between  20  and  30  ft.  for  the  base  fragments. 
Fragment  penetration  data  are  given  for  the  28 
rounds  fired. 
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Naval  Proving  Ground,  Dahlgren. 

EFFECT  OF  SOIL  BARRIERS  ON  SHAPED 
CHARGE  PENETRATION,  by  V.  Phlllpchuk. 

May  29,  1953,  [12]p.  incl.  illus.  tables,  dlagrs. 
(NPG  rept.  no.  1131)  AD-12  951  Confidential 

The  5-in.  rocket  head  Mk  25,  containing  a  16-lh.. 
charge  of  Comp.  B  and  a  Cu  liner,  was  fired 
statically  from  beneath  ihe  soil  surface  to  deter¬ 
mine  lire  effect  of  dry  and  wet  soli  barriers  of 
sand,  loam  and  clay  on  shaped  charge  jet  pene¬ 
tration.  On  firing,  the  jet  passed  upward  through 
the  soil  barrier  and  penetrated  the  4.25-in.  thick 
Class  B  armor  plates  set  12  in.  above  the  surface 
of  the  earth.  The  teat  data  showed  that  2-ft.  and 
3-ft,  loam  soil  barriers  ottered  the  least  resistance 
to  the  jet.  Wet  soil  conditions  generally  reduced 
the  plate  thickness  penetrated.  Four-ft.  barrier 
depths  did  not  result  in  any  significant  plate  pene¬ 
tration  differences.  Plate  penetrations  ranged 
from  1  5/16  in.  for  4  ft.  of  wet  clay  to  6.25  la. 
for  2-ft.  of  dry  loam. 
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Naval  Technical  Mission  In  Europe. 

OBSERVATIONS  OF  SHAPED  CHARGE  DEVELOP¬ 
MENT  IN  GERMANY,  by  C.  H.  Brooks  and  others. 
Aug.  29,  1945,  4p.  inch  diagrB.  (Technical  rent, 
no.  293-45)  Reslricted 

Brief  discussions  are  reported  on  the  Panzer- 
schreck  (counterpart  oi  the  bazooka),  German 
antitank  devices  fitted  with  magnets  for  attachment 
to  the  side  of  a  tank,  a  rifle  grenade  containing  a 
hemispherical  liner,  and  shaped  charge  torpedo 
warheads. 
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Naval  Technical  Mission  in  Europe. 

FUZE  DEVELOPMENT  FOR  HOLLOW  CHARGE 
BOMBS,  by  H.  A.  Chamberlin  and  R_  C.  Stoddard. 
Oct.  1945,  33n.  incL  illus.  diagrs.  (Technical 
rept.  no.  2G9-45)  Confidential 

Development  by  the  Germans  of  a  "discriminating1' 
type  ol  fuze  for  a  shaped  charge  bomb  which  could 
classify  a  target  upon  impact  am)  fire  accordingly 
is  reported.  Descripl.cns  are  given  of  spring  and 
oil  damped  fuzes,  eddy  current  damped  fuzes,  use 
of  soft  Pb  or  other  plastic  material  as  a  damping 
medium,  He  fuzes,  use  of  vibration  of  a  tuning  fork, 
and  fracture  fuzes.  It  was  concluded  that  1  of  the 
above  mentioned  speed-dependent  fuzes  should  be 
used  when  the  initial  bomb  velocity  had  been  ex¬ 
pended  to  the  proper  degree;  a  fracture  fuze  should 
be  used  when  the  physical  security  of  the  bomb  con¬ 
struction  was  endangered;  and  dnie  delay  fuzes 
should  be  used  after  the  termination  of  a  certain 
delay  period. 
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Naval  Technical  Mission  to  Japan. 

JAPANc.SE  DEMOLITION  METHODS,  by 
H.  L.  Blackwell.  "Iniclllgence  Targets  Japan” 
(DNI)  of  Sept.  4,  1945.  Fascile  0-1,  Target  0-35. 
Oct.  3,  TS4G,  27p.  lncl.  diagrs.  (Index  no.  0-35) 

Restricted 

A  brief  description  Is  given  of  the  Sen  Sul  Baku, 
a  shaped  cliarge  antiboai  mine.  Inclosure  A  ol 
this  rept.  presents  a  discussion  of  Japanese  in¬ 
vestigation  of  shaped  charges  and  their  theory  of 
penetration.  A  number  of  weapons  using  the 
c.Mut'fc  piiiicijjle  are  listed, 
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Navy  Bomb  Disposal  School,  American  University 
Washington,  D.  C.  Jw 

USE  OF  MX2  CAVITY  CHARGE  IN  BOMB 
DISPOSAL  WORK,  n.d.,  4p.  Restricted 

Previous  experiments  demonstrated  the  feasibility 
of  aciiieving  partial  detonation  using  the  Mark  2 
charge.  To  achieve  low-order-detonations  (using 
100-lb.  and  1,  OCO-Ib.  CP  bombs),  the  charges 
should  be  aimed  as  nearly  as  possible  at  the  c.  g. 
of  the  bomb.  The  optimum  standoff  was  8  In 
Anticipated  results  were  that  the  bomb  case  would 
be  split  open,  occasionally  flattened,  and  the  ex- 

1  plosive  scattered  in  sizable  pieces  over  a  radius 

of  59  yd.  For  Navy,  high  capacity  projectiles, 
the  s.iell  case  would  be  broken.  It  was  noted  that 
2  successive  shots  might  be  necessary  to  bring 
abouf  the  desired  results.  The  second  shot  should 
be  aimed  directly  at  the  hole  in  the  shell  case 
created  by  the  first  shot.  It  was  emphasized  that  a 
high  order  detonation  my  result  from  the  use  of  this 
charge  and  proper  precautions  for  such  an  eventual¬ 
ity  must  .always  be  taken. 
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Navy  Bomb  Disposal  School,  [American  Universltvl 
Washington,  D.  C. 

PROJECTILE  DISPOSAL  HANDBOOK.  July  15 
1944,  p.  b-7  IncL  iilus.  dlagrs.  Cciuident’ial 

Instructions  are  given  for  blowing  shells  with 
shaped  ciiarges.  Tests  with  Mark  1  cylindrical 
shaped  charges  fiiicd  with  PE  indicated  that  when 
placed  just  forward  of  the  rotating  band  of  any 
projectile  through  16  in.,  the  charges  detonated 
the  projectiles  with  various  degrees  of  fragmenta¬ 
tion.  If  low  order  detonation  of  AP  sholln  was  de¬ 
sired,  linear  shaped  charges  were  used. 


an-  shaped  charges.  The  shaped  charges  required 
less  explosive  and  were  more  effective.  For  irzas- 
lafeia  of  this  article  see  item  no.  LIS. 
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ON  B  Hi  SANT  EXPLOSIVES  (Elnlges  Ubor  brisante 
Zeitschrtft  fur  angewandte  Cheatfs 
v.  u4,  Nov.  24,  1911;  2233-2240. 


Neumann  calls  attention  to  his  discovery  of  the  fact 
that  m  blasting  with  picric  acid  and  other  explosives 
on  -ird  surfaces  (Fe  beams,  rails,  etc.)  a  3-5 
fold  greater  efficiency  results  if  the  explosive  Is 
not  entirely  In  close  contact  with  the  surface,  a 
holltw  space  being  left  In  the  explosive  charge  ca 
the  side  adjacent  to  the  surface  to  be  acted  upon. 
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New  Mexico  School  of  Mines  (NOrd  9817,  Task  E) 
EXPLOSIVES  RESEARCH,  by  W.  Hume  H. 
Quarterly  rept.  Mar.  31,  1918,  3p.  (Rept.  no. 
NMSM.'  RDD/T-536)  TIP  C1413  Confident! 


Task  E  Is  concerned  with  explosive  research  and 
development  including  shaped  charge  study  and 
fragmentation.  The  first  phases  to  be  investigated 
are  saaped  charge  damage  trials  against  aircraft 
or  aircraft  components  and  means  of  accelerating 
hea\y  masses  to  extremely  high  velocities. 
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[New  Mexico  School  of  Mines]  [NOrd  9817  Task  B) 
EXP.XISIVES  RESEARCH.  Quarterly  rept. 

June  30,  1948,  9p.  illus.  diagrs.  TIP  Sb4B 

Secret 

M9A1  rifle  grenades  fired  statically  at  0. 125- in. 

’  steel  plate  caused  several  separate  perforations, 
rather  than  1  large  hole,  at  all  standoffs  from  6  to 
40  ft.  Firings  down  steel  pipes  indicated  that  Ihe 
grenades  can  be  tired  into  an  elongated  vacuum 
chamber  without  damaging  it  seriously.  Attempts 
to  accelerate  ponderable  masses  of  material  to 
very  high  velocities  were  made  by  using  a  form 
of  the  3-dimensional  Valentine  cliarge  which  Is 
based  on  the  focusing  effect  of  "lenses"  composed 
of  2  explosives  having  different  detonation  veloc¬ 
ities.  A  complete  description  of  this  charge  la 
giver..  The  explosives  used  were  TNT  and 
Comp.  C3;  shots  were  fired  into  0.  7S-in.  Celoicz 
sheets,  3  ft.  distant;  conditions  of  firing  and  depths 
of  penetration  are  tabulated. 


L1352 


L1350 


Neumann,  E. 

CJ,ARGFS  Fn°M  EX-PLOSIVE 
a  f|,L'uaruge  Hohlkorper  aus  Brisanz- 

stoifen).  Zeitschritt  Air  das  gesamte  Schless-  und 
bprengstoffwcsen,  v.  9,  May  15,  1914:  183-187. 


New  Mexico  School  of  Mines  (NCrd  9817  Task  E) 
EXPLOSIVES  RESEARCH,  by  M.  E.  ’cieslickl" 
andW.  Hume,  II.  Quarterly  repl.  Oct.  1  1948- 
Jan.  31,  1943.  Apr.  6,  1949.  7p.  diagrs!  (Rept. 
no.  NMSM/RDD/T-611-E)  TIP  S845  Secret 


Early  comparative  tests  are  reported  with  solid 
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Task  F  is  concerned  with  the  acceleration  to  hif,K 
velocities  of  a  missile  placed  at  the  focus  0f  a 


SHAPED  CEAHGE3 


SECRe 


shaped  charge  so  that  the  detonallon  wave  will 
act  uniformly  on  the  entire  conta;t  area  of  the 
missile  (Micznay-Sdnardin  effect).  More  direct 
methods  of  studying  the  form  of  the  detonation 
wave  were  desired,  and  attempts  are  reported  to 
devise  a  system  for  measuring  the  relative  times 
at  which  the  detonation  front  reaches  various 
points  in  the  explosive  body.  The  system  proposed 
is  a  series  of  open  electrical  switches  placed  at 
the  desired  points  in  or  on  the  explosive;  the 
switches  are  closed,  by  the  arrival  of  the  deton  a  lion 
front,  thus  producing  a  deflection  of  the  beam  os 
the  screen  of  a  cathode  fay  tube  oscilloscope. 

The  trace  of  the  beam 'is  recorded  photographically. 
Attempts  to  develop  suitable  switches  and  a  simple 
electrical  circuit  arrangement  are  described. 

L1357 

New  Mexico  School  of  Mines  (NOrd  9817,  Task  E). 
EXPLOSIVES  RESEARCH,  by  M.  E.  Cleslickl  and 
others.  Quarterly  rept.  Feb.  1-Apr.  30,  1949. 

May  31,  1949,  lOp.  Ulus,  diagrs.  (RepL  no. 
NMSM/RDD/T-G2G-E)  TIP  S991  Secret 

The  Investigation  of  detonation  velocity  measure¬ 
ments  hy  electrical  circuits  Is  mentioned,  but  no 
details  are  reported  since  the  process  is  still 
in  the  developmental  stage.  Work  on  a  simulated 
2.  75-in.  rocket  head  incorporating  a  shaped 
charge  (100°  steel  liner)  is  described.  The  method 
r.l  casting  the  Comp.  D  explosive  by  means  of  a 
"shake"  table  and  IR  heat  Is  reported.  No  macro¬ 
scopic  detects  were  found  in  sectioned  castings 
mads  in  this  manner;  the  density  of  the  explosive 
was  good;  and  test  lirings  at  50  diameters  stand¬ 
off  indicated  that  {he  explosive  produced  good  jet6. 

The  results  of  firing  statically  8  of  the  simulated 
2.75-in.  rochet  heads  in  or  near  B17  aircraft  are 
reported. 

L1358 

NEW  OIL-WEI.L  SHOOTrNG  METHOD  UTILIZES 
THE  "SHAPED  CHARGE"  PRINCIPLE.  Oil  and 
Gas  Journal,  v.  45,  Apr.  12,  1947;  86,  98. 

The  new  method  confines  the  explosion  to  the 
desired  portion  of  the  productive  formation.  Since 
an  explosive  acts  perpendicular  to  Its  surface,  a 
shell  was  designed  using  conical  shaped  shots.  The 
new  technique  is  applicable  to  star,  pancake,  and 
follow-up  shots, 

1,1359 

Northrup,  H.  H. 

JET  TAPPING  OF  OPEN  HEARTH  FURNACES. 

Iron  and  Steel  Engineering,  v.  28,  July  1951: 

83-36. 

Experimental  work  carried  out  at  the  Republic 
Steel  Corp.  with  jet  tappers  in  blast  lurnace  casting 
showed  that  this  new  method  might  have  more 
possibilities  In  the  open  hearth,  where  tapping  de¬ 
lays  caused  more  trouble  than  in  the  blast  furnaces. 

The  jet  tapper  consists  of  a  2-oz.  explosive  charge 
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enclosed  in  a  plastic  case.  The  blasting  cap  is  in 
the  back  of  the  case,  the  thin  Cu  conical  liner  being 
embedded  In  the  front  of  the  case.  The  entire  case 
is  covered  by  a  0.  5- in.  thick  bullet -shaped  in¬ 
sulating  shell.  The  charge  is  relatively  less  sensi¬ 
tive  to  impact  or  friction  than  most  commercial 
explosives,  and  will  not  detonate,  but  only  burn  il 
heated  to  a  sufficiently  high  temperature. 

LtJ6tr 

Oberkommando  des  Heeres,  Berlin. 

MEMORANDUM  CONCERNING  THE  FIRST 
MEETING  OF  THE  DEVELOPMENT  UNIT  I 
(HOLLOW  CHARGES)  OF  THE  EXPLOSIVE 
INDUSTRY  ON  DEC.  17,  1941  (Aktenvernvsrk 
iiber  cine  Sitzung  des  Entwlcklungsringes  1 
(Hohlladungen)  der  Sprengstoff-Industrle  am 
17.12.41  nachn.).  Dec.  20,  1941,  [2]p.  (Bd. 

Nr.  2474/41  g.  Kdos.-Wa  Priif  1/VJ1I;  OTIB  rept. 
no.  1249,  Misc--5  -  In  German)  Unclassified 

Lectures  on  the  following  subjects  are  sum¬ 
marized:  the  theory  of  the  shaped  charge  effect; 
the  performance  of  the  7.  5-cm.  armor  piercing 
shell;  the  effect  of  standoff;  and  the  shapes  of 
charges  and  liners.  (Aberdeen  abstract) 

L1381 

Oberkommando  des  Heeres,  Berlin. 

MEMORANDUM  CONCERNING  THE  SECOND 
MEETING  OF  THE  DEVELOPMENT  UNIT  1 
(HOLLOW  CHARGES)  OF  THE  EXPLOSIVE 
INDUSTRY  ON  JAN.  6,  1942  ( Aider, vermerk 
iiber  die  2.  Slizung  des  Entwicklungsringes  1 
(Hohlladungen)  der  SprengEloUimlusLrie  am  C.  1.42). 
Jan.  12,  1942,  [3]p.  (Bd.  Nr.  G9/42  g.  Kdos.  -Wa 
Prtlf  1/Vin;  OTIB  rept.  no.  1249,  Mlsc.-5  -  In 
German)  Unclassified 

The  following  subjects  were  discussed:  the  material 
and  shape  ot  liners;  the  best  solution  of  the  fuze 
problem;  the  most  effective  explosive  mixtures;  and 
the  resistance  of  spaced  armor.  (.Aberdeen  abstract) 

L1382 

Oberkommando  des  Heeres,  Berlin. 

MEMORANDUM  CONCERNING  THE  THIRD 
MEETING  OF  THE  DEVELOPMENT  UNIT  1 
(HOLLOW  CHARGES)  OF  THE  EXPLOSIVE 
INDUSTRY  ON  FEB.  3,  1942  (Aktenvermerk 
iiber  die  3.  Sitzung  des  Entwicklungsringes  1 
(Hohlladungen)  der  Sprengstofflndustric  am  3.  2. 

1942).  Feb.  13,  1942,  (5]p.  (Bd.  Nr.  69/42  g. 
Kdos.-Wa  Priif  1/VJn;  OTIB  rept.  no.  1249, 

Misc.-5  -  In  German)  Unclassified 

The  following  3ub|cct3  were  discussed:  initiators 
from  nitro-guanidine;  series  connections  of  shaped 
charges;  cast  ar.d  pressed  explosives  mixtures; 
the  effect  of  a  hit  on  the  interior  of  a  tank;  un- 
symmetrical  shaped  charges;  ternperature'sra- 
sltivlty;  ignition  delay;  obstruction  oi  the  blast 
jet  by  the  shell  nose;  and  development  of  3.7-, 

5-,  7-ctn.  and  extra  long  shells.  (Aberdeen abstract) 
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Oberkommnndo  des  Heeres,  Berlin. 

NOMENCLATURE  OF  HOLLOW  CHARGE  PRO¬ 
JECTILES  AND  HOLLOW  DEMOLITION 
CHARGES  (Be.nennung  von  Hohlladungs-Geschossen 
und  Sprengladungen).  Feb.  9,  1942,  lp.  ■  (OTIB 
rept.  no.  1249,  Misc.-7  -  In  German) 

Unclassified 

Brief  descriptions  are  given  of  a  T.  5-cm.  Gr.  25 
shell  using  the  old  loading  (cone  with  Hash  tube), 
and  cf  a  7.  5  cm.  Gr.  30  Hl/A  shell  having  a  cone 
with  varying  wall  thickness, 

L13S4 

[Oberkommando  des  He.eres,  Berlin]. 

EXPERIMENTS  WITH  IMPROVISED  HOLLOW 
DEMOLITION  CHARGES  (Verseche  mit  behell- 
smasslg  hei  gestellten  Hohlsprengladungen),  by 
[Trinks],  Nov. 'll.  1943,  [l7Jp.  incl.  Ulus,  dlagre. 
(91  a  27  -  Wa  F/Ib,  Bd.  Nr.  397/43  g.  Kdos.; 
OTIBiept.  no.  1249,  AOO-6  -  In  German) 

Unclassified 

This  lecture  gives  empirical  rules  on  the  best 
dimensions  of  hollow  charges  and  suggests  some 
modifications.  The  diameter  of  the  air  space  should 
be  twice  the  thickness  of  the  armor  while  the  outer 
diameter  and  height  of  the  charge  should  be  4/3  of 
the  inner  ar.J  outer  diaincter.  The  air  space  should 
be  approximately  a  60“  cone  with  some  standoff. 
Liners  can  be  designed  using  such  shapes  as 
helmet,  cup,  and  bottle  neck. 

L1365 

[Gberkonuuando  des  Heeres,  Berlin], 

EXPERIMENTS  WITH  IMPROVISED  HOLLOW 
DEMOLITION  CHARGES  (Versucne  mil  'oehelfs- 
miisslg  hergesteliten  Hohlsprengladungen),  by 
Trinks.  Dec.  14  '.043,  f!7]p.  incl.  illus.  diagrs 
(91  a  27  -  Wa  F/Ib,  Bb.  Nr.  397/43  g.  Kdos.: 

OTIB  rept.  no.  1249,  AOO-6  -  In  German) 

Unclassified 

Experiments  were  performed  to  determine  the 
optimum  penetration  depth  in  armor,  and  to  deter¬ 
mine  the  optimum  dimensions  of  shaped  charges. 

Only  uncoated  charges  were  used.  Optimum  re¬ 
sults  were  obtained  using  an  air  space  about  4/3 
that  of  the  charge's  outer  diameter.  The  total 
height  of  the  charge  must  be  4/2  of  its  outer  diam¬ 
eter.  The  crater  produced  in  the  armor  using 
TNT  as  the  explosive  had  a  semiconical  shape  and 
diameter  approximately  that  of  the  air  space.  It 
was  found  liiat  if  the  thickness  of  the  armor  plate 
was  about  15  mm.  smaller  than  the  outer  diameter 
of  the  charge,  the  back  of  the  plate  would  be 
crocks  and  !he  macks  in  the  back  would  cor¬ 
respond  to  the  cracks  in  the  front  of  the  plate.  The 
optimum  air  space  was  a  60“  cone.  Data  showed 
that  the  plate  would  be  penetrated  using  '.he  above 
dimensions.  Optimum  results  were  obtained  with 
steel  helmet  liners  encased  in  wood,  the  latter 
being  surrounded  by  explosive.  Tabular  data  also 
show  results  with  plastic  explosive. 


Office  of  Scientific  Research  and  Development 
COMMENTS  ON  THE  TALKS  BY  DR.  C.  O. 
DAVIS  AND  DR.  M.  A.  COOK  AT  THE  TECH¬ 
NICAL  MEETING  OF  THE  JOINT  COMMITTEE 
ON  SH/RED  CHARGES,  MAR.  29,  1943,  ay 
J.  G.  Kirkwood  and  others,  u.  d. ,  5p.  (NDRC 

Confidential 


The  main  topics  of  the  talks  are:  (1)  experimental 
evidence  for  the  spalling  process  as  the  mechanism 
of  fragmentation  of  cavity  liners;  (2;  a  theory  of 
the  spalling  process  which  attempts  to  correlate 
the  velocity  and  mass  of  spalls  with  the  thermo¬ 
dynamic  properties  of  the  explosive  charge;  acS 
(3)  a  hypothesis  or.  the  nature  of  the  processes 
whicn  result  in  a  focusing  of  the  spalled  fragments 
into  a  narrow  jet.  A  recapitulation  of  the  Hopkin- 
son  Bar  effect  is  included,  and  its  relation  to 
spalling  L-  discussed. 


L1337 


{Office  of  Scientific  Research  and  Development] 
MINUTES  OF  THE  TECHNICAL  MEETING  OF 
THE  JOINT  COMMITTEE  ON  SHAPED  CHARGES 
MAR.  29,  1943.  [1943],  8p.  (NDRC  Piv.  8) 

Confidential 

Personnel  attending  and  their  projects  are  listed. 
The  following  presentations  are  briefly  sum¬ 
marized:  Dr.  Seeger  spoke  on  the  interaction  of 
shock  waves;  Prof.  R.  W.  Wood  demonstrated 
pholographs  showing  the  existence  of  the  Mach 
wave  under  conditions  predicted  by  theory; 

Dr.  MacDougall  outlined  a  theory  of  the  action  d 
shaped  charges  based  on  the  supposition  that 
fragments  are  entrapped  in  the  gas  stream  which, 
coming  from  all  sides  of  the  cavity,  form  a  Marf. 
wave;  Dr.  Cook  presented  the  theory  of  action 
developed  at  ERL  (du  Pont)  based  on  spalling  from 
the  inside  surface  of  the  liner;  and  Dr.  Kistiakow- 
sky's  comments  on  this  theory. 

LJ368 


Office  of  Scientific  Research  and  Development. 
BIMONTHLY  SUMMARY  REPORT  FOR  THE 
PERIOD  JULY  lb,  1943  TO  SEPT.  15,  1943. 
OcL  15,  1943,  p.  25-31.  (NDRC  Div.  8) 

Confidential 

Abstracts  of  Div.  8  repts.  from  July  15#  1943  to 
Sept.  15,  1943  are  presented.  The  subjects  of 
the  repts.  on  shaped  charges  are:  antisubmai  ine 
scatter  bomb,  Mark  13  torpedo  warhead,  liner 
collapse,  follow-through  projectiles,  and  shaped 
charge  boosters  for  artillery  shells. 

L1369  ‘ 


Office  of  Scientific  Research  and  Development. 
BIMONTHLY  SUMMARY  REPORT  FOR  THE 
PERIOD  SEPT.  15,  1943  TO  NOV.  15,  1943. 
Dec.  15,  1943,  p.  25-35.  (NDRC  Div.  0) 

Confidential 
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Abstracts  of  Dlv.  fl  rep’s,  from  Sept.  15,  1943  to 
Nov.  15,  1943  are  presented.  The  subjects  of  the 
reports  on  shaped  charges  are:  antisubmarine 
scatter  bomb,  Mark  13  torpedo  warheads,  ex¬ 
periments  with  A1  and  Pb  liners,  follow-through 
projectiles,  and  shaped  charge  boosters  for  artil¬ 
lery  shells. 

LI  3711 

Oil  ire  of  Scientific  Research  and  Development. 

ANNOTATED  BIBLIiJGRAPjfY  OF  NDRC  TECH¬ 
NICAL  REPORTS,  MEMORANDA,  AND  LETTERS 
PERTAINING  TO  ARMOR  AND  ORDNANCE  AS 
OF  MAY  1,  1945,  AND  SUPPLEMENT  TO 
JULY  15,  1945.  {19451,  Iv.  (NDRC  memo.  no. 
A-I04M)  OSRD  4830  '  Secret 

An  annotated  bibliography  is  presented  containing 
titles  of  reports,  memoranda,  and  letters  per¬ 
tinent  to  the  work  of  Div.  1  through  4  of  the 
National  Defense  Research  Committee.  The 
shaped  charge  material  is  listed  in  the  section 
dealing  with  Div.  2. 

L137I 

Office  of  Scientific  Research  and  Development. 
SYMPOSIUM  ON  SHAPED  CHARGES,  by 
C.  H.  M.  Roberts  and  ethers.  A  compilation  of 
papers  presented  at  the  Shaped-Charge  Symposium 
sponsored  Jointly  by  the  Joint  Army-Navy-NDRC 
Committee  on  Shaped  Charges  and  Div.  2  and  8, 
NDRC,  M07  9,  1945.  (NDRC  rept.  no.  A-346) 
OSRD  5754  Confidential 

The  emposium  was  concerned  with  the  effects  of 
shaped  charges,  development  of  shaped  charge 
weapons,  and  the  development  of  protection  against 
such  weapons.  Topics  included  survey  of  United 
States  and  foreign  shaped  charge  weapons,  de¬ 
velopment  and  basic  research  on  shape!  charges, 
shaped  charge  torpedo  warhead,  improvements  in 
hollow  charge  weapons  as  exemplified  by  the 
bazooka,  shaped  charge  bombs,  development  of  a 
follow-through  shaped  caarge  weapon,  rocket 
HEAT,  7.  2  in.  T69,  sectioning  of  explosive-filled 
ordnance  by  means  of  cavity  charges,  theories  of 
target  pen-atratior.  by  MunrOe  Jets,  protection  of 
armored  vehicles  against  shaped  charge  pro¬ 
jectiles,  flash  radiographs  of  rotating  charges, 
and  point-initiating  fuzes  for  shaped  charge 
weapons. 


L1372 

Office  of  Scientific  Research  and  Development. 
BIBLIOGRAPHY  OF  OSRD  REPORTS  ISSUED 
BY  DIV.  8  OF  THE  NATIONAL  DEFENSE 
RESEARCH  COMMITTEE.  Apr.  19,  1946,  2S0p. 
OSRD  6630  Confidential 

A  bibliography  is  presented  of  all  OSRD  reports 
issued  by  Div.  8,  including  those  on  shaped 
charges.  Abstracts  and  full  bibliographical  in¬ 
formation  are  given. 


L1373  ; 

Office  ol  Scientific  Hesearch  and  Development 

(OEMsr-1131).  i 

EFFECTS  OF  IMPACT  AND  EXPLOSION,  by 
R.  A.  Beth  and  others.  1946,  p.  12,  277-202, 

349.  116-417,  498  incl.  lllus.  dlagrs.  (Summary 
technical  repL.  of  Div.  2,  NDRC,  v.  1  )  TIPC2315 

Confidential  ; 

The  work  of  Div.  Z  is  summarized  in  Considerable  f 

detail.  The  chapter  on  "Defense  Against  Shaped 
Charges"  deals  chiefly  with  the  hydrodynamic 
theory  of  Jet  penetration,  plastic  armor  and  spikes 
for  tank  protection,  and  the  protection  of  concrete 
fortifications.  The  performance  uniformity  of 
charges  is  reported  briefly;  more  consistent 
standa-d  shaped  charges  are  described  which  re¬ 
duced  the  waver  of  the  Jei  by  an  average  of  about 
40%.  Weapon  data  sheets  give  characteristics  of 
demolition  charges,  penetration  depths  In  concrete, 
and  perforation  of  homogeneous  armor  by  US, 

British,  German,  and  Japanese  shaped  charge 
weapons. 

L1374 

Office  of  Scientific  Research  and  Development 

(OEMsr-1131). 

PREPARATION  AND  TESTING  OF  EXPLOSIVES, 
by  D.  P.  MacDougall  and  others.  1946,  Sect.  3. 1- 
3,6,  p.  50-58.  (Summary  technical  rept.  of  Div.  8, 

NDRC,  v.  1)  Confidential  j 

i 

A  summary  and  review  of  the  work  dor.e  during 
the  war  on  shaped  charge  bombs  and  similar 
weapons  is  presented.  Problems  of  bomb  construc¬ 
tion,  the  chief  of  which  was  fuzing,  are  discussed. 

The  last  design  of  the  antisubmarine  shaped 
charge  bomb  and  the  antisubmarine  follow-through 
bomb  are  illustrated  and  described,  as  are  the 
follow-through  projectile  and  the  Mark  13  modified 
torpedo  warhead.  The  follow-through  rocket, 
charges  for  microwave  tube  destruction,  and  shaped 
charge  boosters  are  briefly  noted.  { 

| 

L1375  ■ 

Office  of  Scientific  Research  and  Development 

(OEMsr-1131).  .  • 

PREPARATION  AND  TESTING  OF  EXPLOSIVES, 
by  M.  A.  Paul.  1940.  Sect.  4.  3-5.0,  p.  67-B8. 

(Summary  technical  rept.  of  Dlv.  8,  NDRC  v.  1) 

Confidential 

A  review  of  shaped  charge  theory  and  experimental 
Investigations  is  presented.  Fundamentals  are  dis¬ 
cussed,  such  as  standotf,  apex  angle,  liner  shape 
and  materials,  scaling  laws,  theories  of  jet  for¬ 
mation  and  penetration,  jet  and  penetration  veloc¬ 
ities,  and  the  relative  effectiveness  of  explosive 
compositions.  A  number  or  shapedchargeweapons 
are  noted,  particularly  bombs,  torpedo  warheads, 
and  the  follow-through  rocket.  Several  linear 
charges  are  described.  The  effects  of  symmetry 
and  of  rotation,  and  work  on  underwater  penetra¬ 
tion  and  scaling  are  commented  upon.  Experiments 
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on  shaped  detonation  waves  and  Mach  waves  from 
cored  charges  are  described.  The  problem  of 
fuzing  shaped  charge  weapons  is  analyzed  and 
design  data  for  a  number  of  fuzes  (chiefly  the 
spitback  and  electromagnetic  fuzes)  are  presented. 
The  hydrodynamic  theory  of  detonation  is  the 
subject  of  Sect.  5. 

L1376 

Oifice  of  the  Chief  of  Ordnance,  Army  Service 
Forces.  . 

REPORT  ON  GERMAN  SCIENTIFIC  ESTABLISH¬ 
MENTS,  by  L.  E.  Simon.  Sept.  1945,  p.  67-63, 
95-102,  140-143,  165-166.  Restrict’d 

A  sur  vey  of  scientific  activities  In  central  Germany 
associated  with  ordnance  is  reported.  A  number 
of  late  shaped  charge  weapons  are  described  aB 
well  as  developmental  work,  radiography,  etc. 
Inspections  of  research  establishments  and  inter¬ 
views  with  German  scientists  Me  covered.  A 
bibliography  of  German  repts.  on  detonation 
phenomena  and  a  brief  description  of  their  contents 
is  listed.  (See  also  item  nos.  L658-L659.) 

L1377 

Office  of  the  Chief  Ordnance  Officer,  GHQ,  AFPAC, 
Tokyo. 

RESEARCH,  DEVELOPMENT,  AND  PRODUC¬ 
TION  [OF]  JAPANESE  ARMY  AMMUNITION  AND 
COM"  DNENTS,  BOMBS,  MINES,  AND  GRE¬ 
NADES,  by  P.  L.  Christensen  and  others.  Jan.  23, 
1946,  p.  43,  17-49,  84-85.  (Ordnance  Technical 
Intelligence  rept.  no..  5)  Unclassified 

A  shaped  charge  mine  is  described  which  con¬ 
sisted  of  a  cast  explosive  charge,  a  metallic 
liner,'  and  standoff  assembly  held  together  by  a' 
cloth  sacking.  It  is  stated  that  the  mine  will  pierce 
steel  armor  plate  up  to  4.75-in.  thickness.  No 
change  in  effectiveness  was  noted  when  the  mine 
was  12  In.  from  the  steel  armor  plate.  Handling 
instructions  for  the  mine  are  appended.  Mention 
in  made  of  the  "Ta"  bomb  which  consisted  of 
39[-mm.)  and  76|-mm.J  shaped  charge  shells  In  a 
cluster. 
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Office  of  the  Chief  Ordnance  Officer,  GHQ,  AFPAC, 
Tokyo. 

JAPANESE  HOLLOW  CHARGE  RESEARCH,  by 
J.  C.  Clark.  Feb.  14.  1946,  172p.  incL  Ulus. 
(Ordnance  Technical  Intelligence  rept.  no.  11) 

Confidential 

The  research  on  and  development  of  shaped 
charges  by  the  Japanese  is  reported  in  detail,  and' 
a  translation  of  Dr.  Nobuji  Naim's  "Theoretical 
and  Experimental  Investigations  of  the  Hollow 
Charge"  is  reproduced  in  Appendix  I.  The  theory 
of  penetration  developed  by  him  regarded  most  ol 
the  penetration  as  achieved  by  a  high  density  gas 
flow  (10,000  m.  /sec.  for  a  hemispherical  charge 
with  no  liner  and  8, 000  m.,  /sec,  for  a  similar 


charge  with  liner)  and  liner  fragments  were  con¬ 
sidered  of  secondary  importance.  It  was  concluded 
that  a  hole  at  the  aper  of  Lhe  liner  was  desirable 
and  the  hole  size  was  thought  to  be  critical.  Ex¬ 
periments  Indicated  that  Beparatiro  af  the  liner 
and  the  explosive  decreased  the  effectiveness  ol 
the  charge.  Japanese  weapons  employing  the 
shaped  charge  principle  are  described  aad  illus¬ 
trated,  most  of  the  attention  heirs  given  to: 
artillery  shells,  grenades,  land  mines,  the  Sahara 
bomb,  and  warheads  for  torpedoes  and  guided 
missiles.  Appendix  H  is  a  iranslzaon  of  a  document 
comparing  shaped  charge  to  HE  and  A?  ammunition, 
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Office  of  the  Theater  Chief  Ordnance  Officer, 

European  Theater. 

INTERVIEW  WITH  DR.  RUDI  SCHAGL,  GERMAN 
BALLISTIC  EXPERT  AT  MARBURG,  by 
C.  U.  HahnerandL  C.  Gardner.  Aug.  22,  1945, 
2p.  (ET  Ordnance  Intelligence  Interrogation 
repL  no.  2)  Confidential 

Dr.  Schall  devised  ar.  offensive  weapon  for  use 
against  tanks  consisting  of  a  cylinder  of  explosive 
approximately  6  Li.  in  diameter  aad  3  in.  long. 

In  1  end  of  the  weapon,  there  is  a  conical  depres¬ 
sion  lined  with  metal  approximately  1/3  cr  0. 2 5  in. 
thick.  When  correctly  detonated,  this  metal  Is 
hurled  as  a  missile,  the  initial  velocity  being 
approximately  6000  ft.  /sec.  The  missile  is  not 
streamlined  and  the  velocity  falls  off  rapidly,  tut 
Jt  is  effective  against  a  tank  at  a  distance  of  120  fi. 
Methods  of  studying  velocities  and  pressures  by 
means  of  X-rays  are  also  mentioned. 
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Old  and  Barnes,  Inc.  (NOrd-10719). 

RESEARCH  OH  EXPLOSIVE  ORDNANCE, 
PROJECT  NO.  1.  CONTROLLED  FRAGMENTA¬ 
TION:  SIMULTANEOUS  AXIAL  INITIATION  OF 
PROJECTILES,  by  J.  M.  Carter.  Progress  rept. 
r.o.  3,  Feb.  (3-Mar.  30,  1959.  Apr.  5,  1950,  22p. 
dlagrs.  TIP  C4023  Confidential 

The  use  of  the  shaped  charge  effect  in  the  con¬ 
trolled  fragmentation  of  projectile  casings  oc¬ 
casioned  ihe  review  of  the  present  methods  of 
end  initiation  ol  projectiles.  Current  knowledge 
on  shaped  charges  indicated  (hat  a  radially  ex¬ 
panding  detonation  front  might  be  more  efficiently 
employed  in  shaped  charge  fragmentation  control 
of  projectile  casings  than  was  possible  where,  in 
end  initiation,  the  detonation  ware  front  proceeded 
along  the  casing.  Preliminary  theoretical  studies 
indicated  that  it  may  be  possible  to  produce  this 
condition  by  substantially  simultaneous  axial 
initiation  of  the  main  charge  ol  a  projectile  with¬ 
out  the  use  of  initiating  explosives  within  such 
axis.  (Contractor's  abstract) 
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Old  and  Barnes,  bic.  (NOrd-10710). 

RESEARCH  ON  EXPLOSIVE  ORDNANCE.  PROJ¬ 
ECT  NO.  1.  CONTROLLED  FRAGMENTATION: 
A.  SIMULTANEOUS  AXIAL  INITIATION  OF 
SHELL  AND  WARHEADS,  by  R.  0.  Fleming,  Jr. 
and  N.  A.  MacLeod.  B.  CLEAVAGE  SPALL,  by 
IL  R.  Van  Devender,  Jr.,  and  N.  A.  MacLeod. 
Progress  rept.  no.  6.  June  20,  1350,  lv.  Lid. 
lllus.  dlagra.  (Memo.  rept.  nos.  4-5)  TIPC503O 

Confidential 

Simultaneous  axial  Initiation  of  shell  and  warheads: 
In  order  to  determine  the  difference  In  fragmenta¬ 
tion  of  a  standard  shell,  4  rings,  2  In.  high  were 
cut  from  a  Navy  Mfc  48  5-tn.  shell,  using  the 
section  located  between  the  bonrrelet  and  the 
rotating  band.  Because  of  (he  desirability  of  mini¬ 
mizing  the  amount  of  explosive,  a  solid  raiJd  steel 
insert  from  which  a  90°  segmenl  was  removed, 
was  placed  inside-  each  ring.  A  0.  25-lm-diameter 
"hole  centered  through  the  segment  apex  entended 
vertically  through  the  ring.  Both  the  hole  and  the 
50°  segment  were  filled  with  Comp.  C3.  A  card- 
heard  quarter  section  of  a  right  circular  cone 
filled  with  the  same  explosive  was  placed  on  top 
of  the  explosive  surface.  The  quarter  sections  hau 
a  base  whose  crass  sectional  area  was  the  same 
as  Hwt  of  the  segment  charge  within  the  ring.  The 
4  charges  were  suspended  3  In.  above  the  surface 
of  water  contained  in  a  large  steel  tank  thus  raablng 
possible  the  recovery  of  fragments  from  that  por¬ 
tion  of  the  ring  surface  surrounding  the  explosive 
segment.  Both  axial  and  normal  end  Initiation 
were  simulated.  The  number  of  fragments  was 
much  greater  in  the  case  of  simulated  axial  Initia¬ 
tion.  The  mass  of  the  average  fragment  was  ap¬ 
proximately  2.  5  times  greater  in  the  case  of 
normal  er.d  Initiation.  Cleavage  spall:  To  study 
the  significance  of  the  orientation -of  the  detonation 
wave  front  In  an  explosive  attach  on  a  liner,  a 
semicylinder  of  explosive  was  mounted  on  a  steel 
test  block.  In  initiating  the  semicylinder,  a  irt- 
angular  sheet  of  explosive  was  used  extending  back 
come  distance  from  the  curved  surface.  The 
semicylinder  was  detonated  substantially  simul¬ 
taneously  along  a  surface  line  parallel  to  its  axln 
of  curvature.  Angles  of  attack  relative  to  the  metal 
surface  of  0°,  3 O'”,  60°,  and  30°  were  possible. 
Before  studying  various  types  of  grooved  liners 
placed  at  the  axis  of  curvature  of  the  semicylinder, 
a  test  without  liners  established  the  basic  reaction 
of  the  0.  5-in. -thick  steel  plate  neing  attacked  by 
this  explosive  system.  Instead  of  the  lacerated 
surfaces  obtained  where  spalling  has  usually 
occurred,  an  extremely  smooth  surface  of  parti¬ 
tion  was  developed  on  the  90°  attack  where  the 
detonation  wave  front  approached  the  metai  surface 
normally;  no  spalling  occurred  at  0°  attach.  This 
phenomenon  v-as  called  cleavage  spall  (the  cleavage 
spall  Is  1  In  which  the  surface  of  cleavage  developed 
internally  within  the  metal  is  a  higher  degree  of 
smoothness  than  the  normal  milled  surface  obtained 
in  metal  In  a  machine  shop).  In  duplicate  tests, 
the  spalls  varied  In  weight  and  thickness  by  less 
than  He  (TIP  abstract) 
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Old  and  Barnes,  Inc.  (NOrd-10719). 

RESEARCH  ON  EXPLOSIVE  ORDNANCE. 
PROJECT  NG1  1-  INVESTIGATION  OF  CON¬ 
TROLLED  FRAGMENTATION,  by  N.  A.  MacLeod 
and  H.  R.  Van  Devender,  Jr.  Progress  rept. 
no.  8,  Feb.  l-June  30,  1950.  Aug.  1*3,  1953, 
lTp.  Ulus,  dlagrs.  TIPC5750  Confidential 

Photographs  show  the  effects  of  discontinuities  fn 
metal  surlaces  and  of  the  use  of  modifiers  when 
metals  arc  explosively  attacked.  The  wiping  action 
typical ol the  travel Df the  dstonationwaveal.ongthe 
-  wall  of  a  shell  In  ordinary  end  Initiation  was  used. 
The  explosive  was  in  a  rather  thin  layer  and  the 
confinement  effeci  concomitant  with  more  massive 
explosive  attack  was  largely  absent.  Fragmentation 
as  a.  function  of  notching  depended  upon  the  Inter¬ 
action  ol  shock  waves  reflected  Irora  the  proximal 
and  distal  surfaces  of  the  racial  attacked  and  was 
Influenced  by  the  location  and  character  of  notches. 
Notches  on  the  proximal  surface  should'nct  contain 
explosive  and  should  exceed  a  critical  depth  to 
produce  complete  transverse  cleavage  of  metal 
subjected  to  a  wiping  explosive  action.  Modifiers 
which  have  low  shock  wave  velocities  had  a  pro¬ 
nounced  effect.  An  optimum  thickness  of  modifier 
on  the  proximal  surface  resulted  In  maximum 
spalling  or  shattering  of  the  metal  when  a  critical 
thickness  of  explosive  was  used  with  a  wiping 
action.  A  modifier  oil  the  proximal  surface 
Inhibited  a  smooth  cleavage  spall  by  normal 
attack*  (TIP  abstract) 
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ui-j  aim  oarnes,  me.  tJMUrd-10719). 

RESEARCH  ON  EXPLOSIVE  ORDNANCE.  PROJ¬ 
ECT  NO.  1.  CONTROLLED  FRAGMENTATION: 
THE  USE  OF  SHAPED  CHARGE  UNERS  IN 
CONTROLLING  FRAGMENTATION  OF  PRO¬ 
JECTILES,  by  N.  A.  MacLeod  and  R.  R.  Van 
Devender,  Jr.  Rept.  no.  7,  May  1-Sept.  15,  1950. 
Dec.  4,  1950,  17p.  illus.  dlagrs.  tProgress  rept. 
no.  10)  TIP  C5075  Confidential 


A  study  was  made  of  the  various  factors  which  may 
affect  the  efliclency  of  application  ol  the  shaped 
charge  principle  to  controlled  fragmentation  of  pro¬ 
jectiles.  In  ordinary  methods  of  Initiating  a  projec¬ 
tile  from  one  end,  a  shaped  charge  liner  of  semi¬ 
circular  cross  section  is  more  elficlent  ihan  the 
usual  V-shaped  liner.  It  Is  further  indicated  that 
the  shaped  charge  principle  in  controlled  fragmenta¬ 
tion  is  much  more  usefully  applied  when  the  con¬ 
ditions  of  Initiation  of  the  projectile  filling  would 
approximate  to  simultaneous  axial  initiation. 

(Contractor'  a  abstract) 
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Old  and  Barnes,  Inc.  (N0rd-1071B>. 

RESEARCH  ON  EXPLOSIVE  ORDNANCE. 
PROJECT  NO.  4  -SHAPED  CHARGES.  B.  A 
SIMPLE  ANALYSIS  OF  THU  FIRST  PHASE  OF 
SHAPED  CHARGE  COLLAPSE,  by  K.  J.  Ham¬ 
mond.  Progress  rept.  no.  13,  Dec.  1950- 
Jan.  1951.  Jan.  13,  1951,  £p.  diagrs.  (Memo, 
rept.  no.  II)  TIP  C5431I  Confidential 

Some  characteristics  of  rotating  shaped  charge 
liners  during  the  collapse  process  were  analyzed 
in  a  simple  mathematical  treatment.  It  was  as¬ 
sumed  that  elements  of  a  conical  Cu  liner  0. 100  in. 
thick  collapses,  in  a  continuous  process,  Into 
soiid  cylindrical  discs  which  are  then  squeezed 
into  a  longer  stream.  The  following  quantities  were 
calculated  for  various  apex  angles  and  base  radii: 

(1)  the  mass  of  thin  slices  of  the  liner  and  of  the 
surrounding  C3  explosive;  (2)  the  ratio  of  these 
masses;  (3)  the  angular  momentum  of  annular 
rings  of  the  rotating  liner;  and  (4)  the  angular 
velocity  of  these  segments  after  collapse”  Families 
of  curves  were  plotted  from  these  calculations.. 
From  the  graphs  it  was  concluded  that  base  por¬ 
tions  of  the  cone  are  less  effective  than  apex  por¬ 
tions  in  producing  high  speed  jets  because  of  the 
decreasing  HELM,  high  explosive  mass  lo  liner 
mass,  ratio  from  apex  to  base.  In  addition,  the. 
high  rotatio^val  speed  of  the  lower  portion  of  the 
cone  after  collapse  disperses  the  slug  and  Jet, 
thus  reducing  target  penetration  by  Increasing 
the  area  under  attack. 
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Old  and  Barnes,  Inc.  (N0rd-1G719) 

RESEARCH  ON  EXPLOSIVE  ORDNANCE. 
PROJECT  NO.  4  -SHAPED  CHARGES.  A 
ROTATING  SHAPED  CHARGES,  by  N.  A.  Mac¬ 
Leod.  Progress  rept.  no.  13.  Jam  15,  1951 
27p.  inch  diagrs.  (Memo.  rept.  no.  10)  ' 

^C5mi  Confidential 


The  general  problems  of  the  manner  of  conical 
shaped  charge  collapse  and  the  rotation  of  shaped 
charges  of  this  type  axe  considered.  Methods 
for  testing  the  efficiency  of  the  conical  liner  are 
also  proposed.  In  addition,  the  following  liner 
designs  are  discussed  briefly:  (1)  multiple  cone 
liner;  (2)  tapered  cone  liner;  (3)  tapered  cylindri¬ 
cal  liner;  (4)  secondary  collapse  liner;  and  (5)  bi¬ 
nary  liner. 
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Old  and  Ba-nes,  Inc.  (NOrd-10719). 

APPLICATIONS  OF  SOLID  REACTIONS  by 
N.  A.  MacLeod.  Kept,  for  Feb.  1951.  Mar.  20 
1951,  16p.  (Memo.  rept.  no.  14)  (Part  B  of  Its 
Progress  rept.  no.  15  on  Research  on  Explosive 
Ordnance  proj.  nos.  3  and  4,  TIP  CtilOl) 

TIP  C6103  Confidentia 


A  new  type  of  bullet  is  proposed  which  has  good 
internal  and  external  properties  and  poor  terminal 
ballistic  strengths  for  attacking  fuel  areas  of  Jet 


SECRET 


242 


fighters  mud  fast  heavy  bombers.  Loading  with  a 
solid-reaeti;.g  mixture  which  would  be  activaierfby 
conditions  of  propulsion  within  the  barrel  but  which 
would  retain  a  solid  or  semisolid  form  in  (light  with 
low  compressive  strength  is  recommended  for 
shatter  on  impact  and  for  release  of  aggregates 
sufficiently  energized  to  burn  through  Al-alloy 
sheeting.  A  bullet  with  a  high-deneity  component 
is  suggest  id  for  50-cal.  rounds  against  tanks.  The 
addition  of  a  combustible  material  (A I,  Mg,  Fc)  Is 
proposed  to  Increase  the  persistence  of  ignition 
probability.  A  follow-through  light  shaped  charge 
Is  considered  for  submarine  warfare.  The  charge 
designed  on  the  principle  of  a  binary  lining,  would’ 
have  an  extractable  slug  to  follow  through  the  per¬ 
foration.  Solid  reactants  are  suggested  for  the 
eriruchble  secondary  liner;  the  addition  of  lung 
irritants  (Li  or  Be  alloys)  would  force  the  submarine 
to  the  surface.  (TIP  abstract) 
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NOTE  ON  ENERGY  CONTENT  OF  SHAPED 
CHARGE  JET  PARTICLES,  by  N.  A.  MacLeod 

Car(e‘'-  n°Pl-  for  Feb.  1951.  Mar.  20, 
1951,  9p.  tables,  diagr6.  (Memo.  rept.  no.  15) 
(Part  C  of  its  Prog-ess  rept.  no.  15  on  Research 
cn  Expiosivs  Ordnance  proj.  nos.  3  and  4 
TIP  C61C1)  TIP  C8104  CoMidential 


The  phenomenal  energy  density  or  the  individual 
Jet  particle,  an  energy  density  related  to  a  mass 
^ffifrogaie  which  Is  equalled  only  by  the  energy  of 
free  flight  astrospatlal  bodies,  Is  considered.  It 
was  concluded  that:  (1)  jet  particles  penetrate  a 
target  by  means  of  a  monatomic  explosive  if  the 
particles  are  composed  of  a  single  element  such 
as  Cu,  Al,  or  Fe;  (2)  target  penetration  by  a  train 
of  jet  particles  presupposes  that  the  first  particle 
produces  its  own  explosion  and  (hat  the  particle 
following  is  only  minimally  affected  as  it  enters 
the  cavity  made  by  the  first  particle  explosion. 
Tabular  data  are  given  of  temperature-velocity 
relations  for  metal  jets  and  for  the  available  heat 
content  of  Al,  Fe,  Cu,  Pb,  and  W  on  the  sudden 
■  arrest  of  translational  motion  (10,  000  m./see,). 
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RESEARCH  OH  EXPLOSIVE  ORDNANCE 
PROJECT  NO.  1.  CONTROLLED  FRAGMENTA¬ 
TION;  THE  USE  OF  SHAPED  CHARGE  LINERS 
LI  CONTROLLING  FRAGMENTATION  OF  PRO¬ 
JECTILES,  byN-  A.  MacLeodandR.  R.  VanDeven- 
der,  Jr.  Progress  rept.  no.  18,  Sept.-Oct.  1950 
Jan.-Feb.  1951.  Apr.  6,  1951,  Up.  Ulus,  diagri. 
(Rept.  no.  8)  TIP  CG227  Confidential 


Firings  against  0.  5-in.  steel  plate  supported  on  a 
Pb  anvil,  using  half-round  and  V-shaped  liners  of 
steel  or  Al  like  those  of  Cu  used  previously 
showed  that  Cu  Is  likely  to  be  better  than  stecl  for 
shaped-charge  liners  and  that  steel  Is  decidedly  ■ 
better  than  Al;  that  a  half-round  liner  Is  the  best 
general  all-purpose  design  for  controlled  frag¬ 
mentation;  and  that  investigation  of  axial  initiation 
of  projectiles  is  highly  desirable.  (TiP abstract) 
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OPEN  HEARTH  FURNACES  "JET  TAPPED"  IN 
30  SECONDS.  Steel,  v.  128,  Apr.  38,  1951.-  04  *. 

Open-hearth  furnaces  are  now  being  tapped  with 
small  high  explosive  charges  which  penetrate 
through  more  than  G  iu.  of  steel.  This  new  tool  iu 
a  peacetime  application  of  shaped  charges,  which 
were  developed  for  penetrating  armor  plate  and 
concrete  fortifications.  The  tapper  consists  of  a 
2-oz.  explosive  charge  enclosed  in  a  plastic  case 
which  is  surrounded  t>y  a  hollow  bullet-shaped 
insulating  body  with  walls  0.5  in.  thick.  The 
penetrating  power  is  derived  from  a  Cu  liner  found 
in  1  end.  The  explosive  used  In  jet  tappers  is 
relatively  insensitive  to  Impact,  friction,  and  other 
causes  of  accidental  explosion  an  compared,  to  mart 
commercial  explosives.  Tappers  will  penetrate 
more  than  6  in.  of  cold  steel.  Although  they  would 
go  somewhat  lariher  through  hot  steel,  target 
temperature  has  less  effect  on  the  depth  of  pene¬ 
tration  than  It  has  on  the  diameter  of  the  hole 
produced. 

L1390 

Operations  Research  Office,  Johns  Hopkins  University. 
PRELIMINARY  REPORT  ON  THE  D40  MISSILE, 
uyj.  F.  McCloskey.  May  27,  1952,  5Bp.  incl, 
tables,  diagrs.  (Technical  memo.  ORO-T-189) 

Secret 

The  possible  use  of  a  shaped  charge  warhead  in 
the  D40  weapon,  a  spherical,  radio-controlled, 
jet-propelled  and  jet-supported  missile,  is  dis¬ 
cussed.  In  support  of  this,  tabular  data  are  pre¬ 
sented  for  HEAT  rounds  of  calibers  '-angp,^  frora 
76  mm.  to  120  mm.  on  their  single-shot  hit 
probability  and  penetration  of  homogeneous  armor 
at  various  ranges  and  angles  of  obliquity.  Using 
information  obtained  from  theoretical  studies  on 
targe  HEAT  rounds  conducted  at  Ballistic  Research 
Laboratories,  the  defeat  probabilities  for  the 
D40  missile  over  the  Russian  JS  III  tank  are  ex- 
t-apolated.  In  addition,  brief  tabular  data  are 
given  on  antitank  guided  missiles  employing 
HEAT  warheads,  including  1  French,  1  Australian, 
•and  2  American  weapons. 

LI  391 

Ordnance  Board  (Gt.  Brit.). 

{INDEXES  TO  ORDNANCE  BOARD  PRO¬ 
CEEDINGS]  Se!;ret 

The  Proceedings  of  the  Ordnance  Board  are 
published  in  various  parts.  The  standard  "OB" 
Proceeding  pertains  to  existing  equipment  and 
has  a  wide  distribution  throughout  the  British 
forces  and  research  facilities.  ”Q"  Proceedings 
are  classified  Secret  and  pertain  to  the  new  and 
experimental  material  not  yet  introduced  into  tho 
services.  The  ”U"  Proceedings  pertain  to  ex¬ 
perimental  rocket  material.  The  "V"  Proceedings 
pertain  to  the  VT  fuze  program  which  is  carried 
as  a  highly  classified  project.  The  *'AG"  Pro¬ 
ceedings  deal  primarily  with  carriages  and  gun 


mountings  and  are  ol  little  interest  except  to 
carriage  designers.  Considerable  Investigation 
has  not  revealed  a  complete  list  of  Ordnance 
Board  Indexes  in  the  United  States.  A  fairly 
reliable  general  summary  might  be:  annua! 
indexes  :o  the  Procec-dlngs  were  made  for  the 
World  ft'ar  C  years,  and  for  some  of  the  pre¬ 
ceding  years.  A  cumulated  index  of  the  Pro¬ 
ceedings  acd  "Q"  Proceedings  from  Dec.  1,  1341 
to  Dec.  31,  1345  was  published  as  "Report  of  the 
President  of  ehe  Ordnance  Board...*1  for  the' above 
period;  a  supplement  was  later  published.  Since 
1945,  aimusl  indexes  have  been  compiled  of  the 
Proceedings  and  of  some  of  the  lettered  Pro¬ 
ceedings,  as  "V*’  Proceedings,  1946  and  1947; 
"AG"  Proceedings,  1946;  'll"  Proceedings,  1940, 
1647,  and  1948. 

LI  302 

[Ordnance  Board  (Gt.  Brit.)]. 

GERMAN  3 -KG.  MAGNETIC  HOLLOW  CHARGE, 
n.  d. ,  p.  25-23  of  7  diagr.  (OB  Proceedings 
no.  884}  Secret 

The  German  3-kg.  magnetic  charge  container  was 
in  the  form  of  an  inverted  funnel  mounted  on  a 
pentagonal  plastic  plate.  The  plate  contained  a 
large  central  hole  corresponding  to  the  liner,  and 
had  3  magnets  equally  spaced  on  the  underside. 

It  was  estimated  that  (he  charge  would  perforate 
a  110-mm.  homogeneous  plate  and  retain  enough 
energy  to  be  effective  behind  the  plate.  Tests 
proved  the  magnets  to  be  unreliable  in  holding  the 
charge  or.  the  tank  suspensions  when  thrown  flora 
a  distance  of  16  ft. 

L1383 

[Ordnance  Eoard  (Gt.  Brit.)]. 

C-ERMAN  13. 5-KG.  DEMOLITION  CHARGE 
WITH  HOLLOW  CHARGE.  n.d.,  p.  24-25  of  7 
diagr.  [OB  Proceedings  no.  883]  Secret 

The  charge  container  consisted  of  Die  cavity  liner, 
base  ring  (which  carried  the  legs),  the  cover, 
and  the  cap.  The  liner  was  hemispherical  with  an 
internal  radius  of  4.  92  in.  and  consisted  of  -4 
superimposed  close-fitting  domes.  With  the  legs 
fully  extended  ar.d  the  charge  fired  normal  to  a 
fl-to-  face-hardened  plate,  the  perforation  dimen¬ 
sions  were  1.  5  x  3. 15  in.  for  the  aperture  at  the 
plain  surface,  3. 5  x  2.75  In.  for  the  aperture  at 
the  plate  back,  and  the  disintegrated  area  sur¬ 
rounding  the  aperture  in  the  plate  back  was  15  x 
15.5  in. 

L1394 

[Ordnance  Board  (Gt.  Brit.)]. 

A  NOTE  ON  THE  ASSESSMENT  OF  THE  PER¬ 
FORMANCE  OF  ENEMY  HOLLOW  CHARGE 
MUNITIONS  AGAINST  ARMOR  PLATE,  by 
W.  E.  Soper,  n.d.,  2p.  incl.  table.  (Appendix  to 
OB  Proceedings  no.  30,758)  Confidential 

The  performance  of  German  shells  and  grenades 
was  estimated  on  the  static  tests  of  various  British 
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experimental  charges;  the  dynamic  performance 
was  based  on  that  of  2  projected  rounds,  the  PIAT 
and  the  95-mm.  QF  HEAT.  A  formula  for  the  es¬ 
timation  Is  stated,  and  examples  are  tabulated. 

L1395 

Ordnance  Board  (Gt.  Brit.), 

PROJECTILES,  HE],  n.d.,  3p.  incl.  dlagrs. 

OB  Proceedings  no.  Q  3,500)  Secret 

A  summary  of  ARD  Explosives  rept.  no.  579/44 
on  ''Mechanism  of  Damage  in  Steel  Targets;  the 
Critical  Change  In  Cutting  Tube  Damage  to  Armor 
Plate  with  Change  ir.  Area  of  Attack"  is  presented 
in  this  appendix.  (See  item  no.  L173.) 

L1396 

Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  Sept.  30,  1942,  4p.  incl. 
diagr.  (OB  Proceedings  no.  Q  740)  Secret 

This  proceeding  consists  of  a  copy  of  PD  Explo¬ 
sives  rept.  no.  234/42  entitled  "Cavity  Charge 
with  Subsidiary  Follow-through  Solid  or  Explosive 
Projectile".  (See  item  no.  L1504.) 


L1397 

Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  June  25,  1943,  3p.  IncL 
diagr.  (OB  Proceedings  no.  Q  1,323)  Secret 

Minutes  of  a  meeting  of  the  Shaped  Charges  Sub¬ 
committee  (first  rept.)  held  on  Mar.  3,  1943 
concerning  the  development  of  shaped  charges  In 
various  establishments  are  presented.  Road 
Research  Laboratory  rept.  no.  MOS/195/JH, 
"Estimation  of  Blast  Effect  at  Rear  of  Hollow- 
concd  Charge"  is  reproduced  as  an  appendix. 

(See  item  no.  L1548.) 


L1398 

Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  Sept.  15,  1943,  9p.  Incl. 
illus,  (OB  Proceedings  no.  Q  1, 524)  Secret 

Radiological  examinations  and  resultB  of  firing 
trials  of  the  95-mni.  and3.7-ln.  howitzer  shells 
are  reported. 


L1399 

Ordnance  Board  (Gt.  Bilt.), 

PROJECTILES,  HE  Sept.  4,  1944,  lp.  (OB 
Proceedings  no.  Q  2, 558)  Secret 

The  probable  etfects  of  using  A1  liners  in  shaped 
charge  shells  are  discussed,  and  an  NDRC,  Div.  8 
interim  rept.  o.i  shaped  charges  (Oct. -Nov.  1943) 
is  summarized  briefly.  (See  item  no.  L959.) 
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Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  Dec.  8,  1944,  2p.  (OB 
Proceedings  no.  Q  2,852;  CB  Investigation 
no-  1,113)  Secret 

Tests  are  briefly  described  of  a  95-mm.  shell 
designed  on  the  follow-through  principle  to  eject 
P  into  a  tank.  The  P  containers  were  generally 
broken  up  by  the  HE  outside  of  tha  target  and  the 
small  quantity  of  P  that  entered  the  tank  had  little 
antipersonnel  effect. 

L1401 

Ordnance  Board  (Gt.  Brit.), 

PROJECTILES,  HE  Dec.  11,  1944,  5p.  (CB 
Proceedings  no.  Q  2,854)  Secret 

Rept.  no.  ME4(a)16,  "Interim  rept.  on  ’Chemical 
Armor'  Methods  of  Defeating  Shaped  Charges",  by 
the  Explosive  Manufacturing  Practices  Laboratory, 
Melbourne,  Australia,  is  reproduced  as  an 
appendix.  (See  item  no.  L943.) 

L1402 

Ordnance  Board  (Gt.  Brit.)„ 

PROJECTILES,  HE  Feb.  5,  1945,  3p.  IncL 
dlagrs.  (OB  Proceedings  no,  33, 028) 

Confidential 

The  summary  and  conclusions  of  ARD  Metallurgical 
rept.  no.  141/45  or,  "Flash  Radiography  of  80J 
Conical  charges  with  Aluminum  Liners"  are  re¬ 
produced.  (See  Item  no.  L194. ) 

L1403 

Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  Nov.  7,  1945,  3p.  IncL 
appendix.  (OB  Proceedings  no.' Q  3,331)  Secret 

A  rough  sketch  of  a  proposed  follow-through  shell 
7.2  in.  In  diameter  fs  reproduced  and  commented 
upon. 

L1404 

Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  HE  Nov.  12,  1345,  lp.  (OB 
Proceedings  no.  32, 551)  Confidential 

The  conclusions  from  ARD  Explosives  rept. 
no.  416/45  on  "The  Mechanism  of  Jet  Formation- 
Performance  of  Tapered  Cones  in  Hollow  Charges" 
are  listed.  (See  Item  no.  L188.) 

L1405 

Ordnance  Board  (Gt,  Brit.). 

PROJECTILES,  HE  Nov.  18,  1947,  3p.  IncL 
diagrs.  (OB  Proceedings  no.  Q  5.400;  Inclosure 
2  to  MA  London  rept.  no.  R8G98-47)  Secret 

A  repu  by  E.-in-C.  (E.2)  (W.O.)  on  "Trials  of 
Large  Shaped  Charges  at  Dorverden  (Germany)"  Is 
reviewed.  (See  Item  no.  L1661.) 
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to  this  proceeding;  (1)  Appendixes  I,  H,  and  in 
are  rente,  ol  trials  at  Shosburyne33  {1942}  with 
shell  QF  HE  hallow  charge  25  pounder  Marie  I; 

(2)  Appendix  IV  is  a  report  cn  "Hollow  Charge 
Rotated  Projectiles  by  MD1"  {May  7,  1943)  {Item 
no.  L77);  and  (3)  Appendix  5  Is  a  reproduction 
of  ARD  Explosives  rept.  no.  28/43  (Jan.  1943) 
on  "Cavity  Effect  of  High  Explosives"  Utem  no. 
L117). 


Ordnance  Board  (Gt.  Brit.). 
PROJECTILES,  HE  June 
Proceedings  no.  Q  5,639) 


Secret 


This  proceeding  reproduces  an  abstract  of  OSHD 
5598  on  "Target  Penetration  by  Rotating  Cavity 
Charges."  (See  item  no.  L533.) 


EI407 


L1412 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  Apr.  2,  1943,  7p.  tnel. 
diagrs.  (OB  Proceedings  no.  22, 439) 

Confidential 

A  summary  cf  ARD  Explosives  rept  no.  15/43  on 
'■7.5-cm.  German  and  75/27  mm.  Italian  Hollow 
Charge  Ammuniaon"  is  presented.  (See  item  no. 
L121.)  — 

L1400 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  FAUSTPATRONE 
1.  TRIAL  AGAINST  SINGLE  AND  SPACED 
PLATES.  Nov.  22,  1944,  2p.  {03  Proceedings 
no.  29,570)  Sec  et 

S.  of  E'a  (Shocburyness)  rept.  dated  Aug.  31,  1944 
on  a  trial  to  ascertain  the  efllclency  of  the  Ger¬ 
man  Faustpatrone  1  against  single  and  spaced 
plates  is  reproduced  as  an  appendix. 


Ordnance  Board  {Gt.  Brit). 

PROJECTILES  AND  FUZES.  Apr.  7,  1943,  7p. 
(OB  Proceedings  no.  Q  1, 128)  Secret 

An  analysis  is  made  of  firings  trials  with  rotated 
shaped  charge  sheila.  Penetration  of  these  shells 
was  unsatisfactory;  therefore,  it  was  concluded 
that  the  following  points  required  investigation; 

(1)  a  ballistic  cap  to  assist  the  fuze  by  providing  a 
small  delay  for  the  fuze  to  function  while  keeping 
in  the  striking  position  of  Hie  plate;  (2)  the  relatfon 
ol  the  rate  of  spin  to  cone  angle;  and  (3)  the  effect 
of  the  material  and  thickness  of  the  liner.  A  num¬ 
ber  of  firing  trials  are  presented  in  tabular  form. 

L1402 


L1413 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  FAUSTPATRONE 
'  2  (PANZERFAUST)  AGAINST  SINGLE  AND 
SPACED  TARGETS.  Nov.  22,  1944,  9p.  (03 
Proceedings  no.  29,  574)  Secret 

R.  of  E."e  (Shoeburyncss)  repts.  daied  Aug.  31, 
1944  and  Sept.  10,  1944,  on  trials  to  determine 
the  perlorative  performance  of  the  German 
Faustpatrone  2  against  single  and  spaced  plateE 
are  reproduced  as  an  appendix  lo  this  proceeding. 
WTSFF  (Med.  Area)  reports  on  trials  with  various 
protective  measures  to  defeat  Faustpatrone  2  are 
also  included  as  appendixes. 


Ordiuuicc  Board  (Gt.  Brit.). 

BOMBS,  AIRCRAFT.  May  3,  1943,  3p.  (OB 
Proceedings  no.  Q  1, 199)  Confidential 

ARD  Explosives  rept.  no.  86/43  on  "The  Compara¬ 
tive  Performance  of  Discs  and  Hemispheres  in 
CS  Bombs"  is  reproduced.  (See  item  no.  L127.) 

L1410 


H414 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  GERMAN  FAUSTPATRONE 
1.  TRIALS  AGAINST  SINGLE  AND  SPACED 
TARGETS.  Dec.  28,  1944,  3p.  (OB  Proceedings 
no.  29,873)  Secret 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  May  31,  1943,  2p.  IncL 
diagrs.  .  (OB  Proceedings  no.  23, 326) 

Confidential 

An  extract  from  ARD  Explosives  rept.  no.  101/43 
on  "German  7.  5-cm.  Hollow  Charge  Ammunition" 
fis  given.  (See  item  no.  L133.) 

L1411 


S.  of  E.  ’?  (Shoeburyness)  rept.  dated  Dec.  0, 
1944  of  a  trial  to  determine  the  perforation  per¬ 
formance  of  the  German  Faustpatrone  1  against 
single  and  spaced  plates  is  reproduced  as  an 
appendix. 


L1415 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  (GERMAN).  30-MM. 
RIFLED  ANTITANK  HOLLOW  CHARGE  GRE¬ 
NADE  TRIAL  TO  DETERMINE  CRITICAL 
THICKNESS  OF  PLATE  PERFORATED.  Dec.  21 
1944,  lp.  (OB  Proceedings  no.  29,881;  OB 
Investigation  no.  776)  Secret 


Ordnance  Board  (Gt.  Brit.). 

PROJECTILES  AND  FUZES.  July  9,  1943,  Up. 
IncL  illus.  diagr.  (OB  Proceedings  no.  Q  1, 375) 

Confidential 


following  repts.  are  included  as  appendixes 
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Comments  are  mad?  on  S.  ot  E.’s  (ShoeburyneBs) 
rept.  XP  No.  31/90,  dated  Nov.  20,  1944  con¬ 
cerning  the  trial  to  determine  critical  thickness 
o£  homoplate  perforated  by  German  30-nnn.  rifled 
grenade  at  30*  to  normal. 

L1416 


will  perforate  150  mm.  of  armor  at  30“  to  normal 
and  that  the  jet  has  sufficient  energy  after  per¬ 
foration  to  inflict  damage  on  internal  equipment 
and  to  injure  the  crew.  Blast  Injuries  to  the 
rabbits  were  slight. 

L1420 


Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  PIERCING.  ASSISTED  PENE¬ 
TRATION  OF  APCBC  SHELL  BY  USE  OF  A 
HOLLOW  CHARGE  IN  THE  BALLISTIC  CAP. 
Feb.  7,  1945,  lp.  (OB  Proceedings  no.  30,245: 
OB  Investigation  no.  1, 118)  Secret 

Comments  are  made  on  S.  of  E's  (Shocburyness) 
rept.  dated  Dec.  21,  1944  which  gives  the  results 
of  a  trial  carried  out  with  95-min.  HEAT  shell 
filled  with  cuspoid  and  with  spherical  shaped  liners 
against  a  G-in.  "C"  plate  at  55°  and  45“  obliquity 
to  ascertain  the  effect  of  the  hollow  charge  on  the 
cemented  face. 

L1417 

Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS;  ARTILLERY,  ANTITANK- 
MORTARS.  May  17,  1916,  6p.  incl.  appendix,  ' 
diagrs.  (08  Proceedings  no.  Q  4, 303)  Secret 

The  21s'  Army  Technical  Intelligence  rept.  no.  23 
dated  Aug.  18,  1945  on  the  development  of  a  new 
German  antitank  equipment  known  as  '’Hammer"  is 
reproduced  as  an  appendix.  The  rocket  was  an 
81-mm.  shaped  charge  projectile  with  a  forward 
discarding  band  and  barrel-sized  lull  fiiis  fired 
from  a  1U.  5-cm.  barreL 


Ordnance  Board  (Gt.  Brit). 

FOREIGN  MUKlTlCh'S  (SWISS).  Dec.  6,  1946, 
4p.  incl.  appendix.  (OB  Proceedings  no.  Q  4, 802) 

Secret 

The  Encrga  rifle  grenade  manufactured  in 
Switzerland  is  discussed,  but  neither  a  diagram 
nor  a  complete  description  is  presented.  Ap¬ 
parently  very  superior  performance  was  claimed 
for  this  grenade,  including  140-mm.  penetration 
at  normal  incidence  and  the  defeat  of  skirting 
plates.  The  proceeding  states  that  "there  is  no 
reason  for  supposing  that  the  Inventions  listed 
in  Uw  patent  have  any  advantages  over  anything 
which  could  be  developed  from  present  available 
knowledge  and  experience." 


1-1421 

Ordnance  Board  (Gt.  Bni.). 

BOMBS,  AIRCRAFT.  Mar.  18,  1947,  3p.  (OB 
Proceedings  no.  Q  5,000)  Secret 

The  conclusions  drawn  La  OSRfJ  5605  on  "Studleo  ' 
of  a  Shaped  Charge  Assisted  SAP  Bomb”  are 
presented  and  discussed.  (See  item  no.  L341.) 

L1423 
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Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  ROCKET,  AIRCRAFT.  Sept.  27, 
1940,  4p.  ilius.  diagrs.  (OB  Proceedings  no. 

Q  4, 633;  Inclosure  2  to  MA  London  rent.  no. 

nqnne  net  * 


Sixty-pound  shaped  charge  roexets  were  fired 
from  alrcra-.t  against  Churchill  tanks  in  ahead, 
astern,  and  flank  attacks.  Detailed  results  of’ 
each  hit  are  reported  and  the  damage  is  illus¬ 
trated  by  photographs,  It  was  concluded  that  a 
single  hit  on  the  front,  rear,  or  sides  is  reason¬ 
ably  certain  to  immobilize  this  type  of  tank; 
casualties  among  the  crew  were  thought  certain 
to  occur  from  perforations  anywhere  In  the  armor 
of  the  fighting  and  driving  compartments. 

L1419 

Ordnance  Beard  (Gt.  Brit.). 

PROJECTILES,  ROCKET,  AIRCRAFT.  Nov.  8, 
194G,  5p.  (OB  Proceedings  no.  Q  4, 728)  Secret 


Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  PIERCING,  AND  FUZES, 
CENERAL.  June  1C,  1947,  7p.  incl.  appendix. 
(OB  Proceedings  no.  Q  5, 138)  Secret 

Brief  comments  are  reported  on  the  performance 
of  shaped  charge  shells. 

L1423 

Ordnance  Board  (Gt.  BriL). 

PROJECTILES,  PIERCING,  AND  FUZES 
GENERAL.  Nov.  7,  '217,  5p.  (OB  Proceedings 
no.  Q  5,384  and  appendix;  03  Investigation 
nos.  1,503  and  1,901/1)  Secret 

Brief  discussions  are  reported  on:  (1)  fin-stabi¬ 
lized,  unrotated,  shaped  charge  shells;  (2)  per¬ 
formance  degradation  of  a  shaped  charge  shell  by 
rotation;  (3)  static  trials  up  to  70°  with  a  shaped 
charge  shell;  (4)  a  related  shaped  charge  shell; 
and  (5)  design  of  shaped  charge  and  squash  head 
shells  and  fuzes  for  the  defeat  of  skirting  plates. 

L1424 


Damage  lnflicied  by  60-lb.  Bhaped  charge  rockets 
fired  from  aircraft  against  Jagd-Panther  tanks  ' 
is  assessed.  Dummies  and  live  rabbits  simulated 
the  tank  crew.  It  was  concluded  that  this  rocket 


Ordnance  Board  (Gt.  Brit.). 

BALLISTICS,  EXTERNAL  AND  PROJECTILES, 
HE  Feb.  13,  i948,  lup.  incl.  appendix,  diagr. 
(OB  Proceedings  no.  Q  5,  501)  Secret 
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The  4. 5-ln.  Schulmann  projectile  and  its  light¬ 
weight  smooth  bore  projector  are  described  and 
commented  upon.  A  demonstration  of  the  shaped 
charge  projectile  was  reported  to  be  disappointing, 
but  Its  potentialities  were  promising.  The  ap¬ 
pendix  lists  the  advantages  and  disadvantages  of 
the  projectile  and  the  recommendations  of  an 
observer  at  1  of  the  trials.  It  is  stated  that.  In 
addition  to  Its  suitability  for  shaped  charges  be¬ 
cause  tiie  projectile  is  unrotated,  llie  robust  head 
can  assist  in  the  formation  of  the  jet  by  preventing 
the  early  breakup  of  the  round  at  Impact,  thuB, 
maintaining  the  correct  standoff.  One  trial  lo 
reported  to  have  penetrated  armor  plate  equal 
to  3  diameters  of  the  liner. 


dummy  crew  were  usually  killed  or  seriously 
wounded.  Behind  100-mm.  plate,  6-pr.  ammuni¬ 
tion  was  damaged  and  usually  set  on  fire;  gasoline 
was  ignited,  but  diesel  oil  was  not.  Ou  detonation, 
a  slug  about  22  mm.  in  diameter  was  projected 
towards  the  firsr  and  might  be  fatal  up  to  50  yd. 
Small  splinters  were  projected  sideways  about 
15  yd.  Results  from  rough  usage  and  sealing  mid. 
water-proofing  tests  showed  that  when  dropped- 
base  down  in  the  grenade,  fuzes  armed  from  14  ft. 
upwards  and  shrouds  from  16  ft.  upwards.  No 
fuze  or  shroud  armed  with  vibration.  Sealing  was 
adequate  at  -30°  and  120°F.  After  immersion  under 
4  in.  ol  water  for  1  week  there  was  water  in  some 
grenades;  however,  all  functioned  adequately. 


r : ' 


Ordnance  Board  (Gt.  Brit.). 

ENEMY  MUNITIONS.  May  28,  1948,  lOp.  incL. 
tables,  diagrs.  (OB  Proceedings  no.  Q  5,618 
and  appendixes  I  (OB  Proceedings  no.  Q4.327), 
n,  and  HI)  Secret 

The  German  0-cm.  P.  A.W.  000  shaped  charge 
shell  (iln-staliiliaed)  was  fired  against  single 
armor  plates  ar.d  against  armor  protected  by 
skirting  plates.  At  30",  perforation  was  good, 
but  tended  to  tall  off  at  larger  angles.  The  Jet 
perslstance  was  poor  againsi  spaced  armor. 


Ordnance  Board  (Gt.  Brit.). 

PROJECTILES,  PIERCING.  Oct.  29,  1948,  4p. 
incl.  appendix.  (OB  Proceedings  i:o.  Q  5,825; 
Inclosure  3  to  MA  London  rept.  no.  RG515-48) 

Secret 

Investigations  lo  improve  the  performance  of 
shaped  charge  shells  are  discussed.  Large  angles 
of  attack  and  the  defeat  of  skirting  plates  are 
emphasized. 


Ordnance  Board  (Gt.  Brit.). 

GRENADES,  RIFLE,  NO.  94  (ENERGA), 

TRIALS  OF  IMPROVED  FUZE  ARRANGED. 

Oct.  2,  1951,  'ip.  diagr.  (OB  Proceedings 
no.  36,  640  and  appendix;  OB  Investigation 
no.  2, 101;  Inciosure  1  to  AA  London  rept.  no. 
R2461-51)  TIP  C4039  Confidential 

An  Improved  fuze,  MG059,  for  the  Energa  gre¬ 
nade  is  described.  The  fuze  can  be  stripped 
completely,  has  improved  performance  against 
plate,  has  graze  action  In  addition  to  direct  ac¬ 
tion,  and  i.s  safety  dropping  distance  is  24  It. 
as  opposed  to  6  ft.  In  the  old  type. 


Ordnance  Bomb  Dlspesal  School,  Aberdeen  Proving 
Ground. 

JAPANESE  1-KG.  HE  BOMB  AND  FUZE. 

Aug.  1943,  3p.  Incl.  diagr.  Confidential 

A  brief  description  is  given  of  the  Japanese  1-kg. 
bomb  which  has  a  shaped  charge  in  Ihe  nose  and 
body.  The  bomb  Is  similar  to  the  1/3-kg.  Japanese 
HE  bomb  in  construction  and  explosive  effect. 


.  v." . 


Ordnance  Board  (Gt.  Brjt.). 

FOREIGN  MUNITIONS;  GRENADES,  SWISS, 
ENERGA  ANTITANK  RIFLE  GRENADE.  Jan.  19, 
1951,  [28]p.  incl.  illus.  tables.  (OB  Proceedings 
no.  36,427  and  appendixes  I,  H,  in,  IV,  and  V; 

OB  Investigation  no.  2, 101;  Inclosure  1  to  AA 
London  rept.  no.  R2G2-51)  TIP  C493B 

Confidential 

The  2. 95-ln.  Al  Swiss  Energa  antitank  rifle  gre¬ 
nade  weighs  1. 320  lb.  and  perforates  8-ln.  armor. 
It  can  be  fired  from  any  rifle  to  which  a  launcher 
has  been  fitted  and  functions  at  a  high  angle  of 
incidence  in  order  to  defeat  tanks  of  rounded  out¬ 
lines.  The  grenade  contains  0.  66  lb.  of  filling 
(principally  RDX/wax,  HO/20)  which  Is  pressed 
onto  the  exterior  convex  surlare  of  a. hollow  metal 
liner.  'Tests  showed  that  tunctioning  was  adequate 
at  120°  and  at  -50°F;  all  gren-.des  perforated 
160-mm.  plate  at  normal.  In  attacks  against  an 
up-armored  German  Panther  tank,  1  or  2  of  the 


Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

SECTIONAL! ZING  OF  EXPLOSIVE-  FILLED 
ORDNANCE  BY  MEANS  OF  CAVITY  CHARGES, 
by  H.  W.  Kline,  n.  d. ,  9p.  incl.  diagrs. 

Confidential 

The  successful  sectionalizing  of  thin -cased  ord¬ 
nance  depends  upon  cutting  completely  through  the 
ordnance  case  and  to  a  sufficient  depth  into  the 
explosive  filling  to  obtain  sufficient  shearing 
action  lo  separate  the  explosive  where  sectioning 
Is  desired.  Linear  charges  with  liners  of  120° 
were  preferred,  due  to  greater  effectiveness  at 
larger  standoff  distances  and  ease  of  manufacture. 
For  sectionalizing  steel  rises  thicker  than  0.  30 In. , 
cavity  liners  of  30°  were  used.  Sectioning  of  the 
German  ''George1'  type  of  mine  Is  described.  A 
slide  rule  calculator  for  determining  thickness  of 
liner,  quantity  of  explosive,  standoff,  and  width 
of  charge  for  linear  charges  Is  illustrated. 
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Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  LINEAR- CAVITY  CHARGE  TO  GAIN 
ACCESS  TO  5  IN.  /38  AA  PROJECTILES,  by 
G.  H.  Taylor.  Jan.  18,  1945,  5p.  incl.  iiius. 

(Part  I  of  [OIL]  rept.  on  OBJ  no.  206) 

Confidential, 

Linear  charges  (IB  in.  long,  1.75  in.  wide,  80° 
apex  angle)  were  used  for  disposal  of  5"  In.  /38  AA 
projectiles.  The  technique  used  depended  on  the 
cutting  action  of  the  linear  charge  and  reduced 
the  danger  of  fragmentation  and  high  order  detona¬ 
tions;  1.0  5  in.  /38  AA  projectiles  were  opened 
successfully. 

L1432 . 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  LINEAR  CAVITY  CHARGES  TO  GAIN 
ACCESS  TO  8  IN./55  HC  PROJECTILES,  by 
G.  K.  Taylor  and  others.  Feb.  15,  1945,  4p. 

Incl.  lllus.  (Part  II  of  [OIL]  rept.  on  OIM  no.  206) 

Confidential 

Linear  charges  (27  In.  long,  1. 75  in.  wide,  80° 
apex  angle)  were  used  for  the  disposal  ol  6  in./55 
HC  projectiles.  The  technique  used  depended  on 
the  cutting  action  of  the  linear  charge  raid  reduced 
the  danger  of  fragmentation  and  high  order  detona¬ 
tions;  11  8  in./55  HC  projectiles  were  opened 
successfully. 

L1433 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  LINEAR  CAVITY  CHARGES  TO  GAIN 
ACCESS  TO  6  IN./47  HC  PROJECTILES,  by 
G.  H.  Taylor  and  others.  Mar.  9,  1945,  5p.  IncL 
lllus.  (Part  HI  of  [OIL]  rept.  on  OIM  no.  200) 

Confidential 

A  linear  charge  was  placed  over  the  longitudinal 
axis  of  a  6  in.  /47  HC  projectile.  On  detonation  of 
the  charge,  the  projectile  was  split  longitudinally, 
the  steel  nose  plug  dropped  Into  the  revetment  which 
was  made  just  forward  of  the  projectile,  and  the 
base  fuze  was  forced  from  the  case.  The  method 
was  recommended  for  disposal  ol  these  projectiles. 
It  was  concluded  that  this  method  nf  opening  pro¬ 
jectiles  depended  on  the  cutting  action  of  linear 
charges  and  not  upon  any  degree  of  partial 
detonation. 

L1434 

Ordnance  .Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head, 

USE  OF  LINEAR  CAVITY  CHARGES  TO  GAIN 
ACCESS  TO  i 00-LB.  US  GP  BOMBS  AN  M3Q, 
by  G.  H.  Taylor  and  otliers.  Apr.  21,  1945,  4p.  ' 
incl.  Ulus.  (Part  IV  of  OIL  rept.  on  OIM  no.  206) 

Confidential 


Fourteen  tmluzcd  100-lb.  US  GP  bombs  were 
opened  by  means  of  linear  charges.  Two  100-lb. 
US  GP  bombs  fared  wl;h  armed  AN  M103  fuzes  In 
the  nose  and  armed  AN  M100A  fuzes  in  the  tall 
detonated  (high  order)  when  cut  by  linear  charges. 
It  was  believed  that  the  2  high  order  detonations 
were  caused  by  fuzes  which  were  more  sensitive 
than  any  similar  fuze  previously  found  In  an  un ex¬ 
ploded  bomb. 

L143S 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

ROCKET,  3. 8-CM.  HE  HOLLOW  CHARGE 
(BA200KA)  -  GERMAN,  by  S.  E.  WawroskL 
July  3,  1945,  2p.  incl.  illus.  (Preliminary  rept. 
no.  Rocket  -  1)  Confidential 

The  German  shaped  charge  rocnet  is  briefly  de¬ 
scribed.  The  electric  ignition  is  similar  to  the 
American  launcher  Ml  and  M6A1  rocket,  HEAD, 
2.38  in.  Details  concerning  the  liner,  etc.,  are 

not  given. 

L142G 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

THE  DEVELOPMENT  OF. A  TECHNIQUE  FOR 
THE  DISPOSAL  OF  6-IN.  1IC  PROJECTILES 
BY  MEANS  OF  LINEAR  CAVITY  CHARGES, 
by  11.  IV.  Kline  and  J.  F.  Nachman.  Sept.  5, 

*f*45  7d  4nr<  trn.,  ir  .  #  f  n  1  _ .. _ *. 

*  * . * ; —  •  «i-  1  *  j  -  — 

or.  OIM  no,  206)  Confidential 

Tests  on  opening  6  In. /47  HC  projectiles  by  means 
of  a  linear  charge  resulted  In  several  high  order 
detonations  from  failure  to  split  the  projectile 
completely  and  subsequent  burning  of  the  explo¬ 
sive  "D"  filler.  Further  testing  resulting  In  the 
development  of  a  technique  involving  the  use  of 
2  Identical  linear  charges  placet!  longitudinally  on 
the  projectile  JS0°  apart.  The  simultaneous 
detonations  of  the  2  linear  charges  resulted  tn 
splitting  the  projectile  in  half  longitudinally.  The 
projectile  fuzes  were  thrown  a  short  distance  from 
the  projectile,  suffering  no  perceptible  damage. 

No  high  detonations  resulted  from  the  use  of  this 
modified  technique. 


L1437 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

USE  OF  LINEAR  CAVITY  CHARGE  TO  GAIN 
ACCESS  TO  8  IN./55  HC  PROJECTILES,  by 
T.  M.  Reeves,  Sept.  26,  1945,  Sp,  Incl.  illus. 
(Part  II-A  of  OIL  rept.  on  OIM  no.  208) 

Confidential 

Tests  with  linear  charges  were  unsatisfactory  In  - 
thai  projectiles  cut  on  1  side  often  failed  to  split  on 
the  opposite  side,  and  detonations  resulted  from 
ignition  and  burning  of  the  projectile  filler  by  the 
charge.  Further  tests  to  modify  this  technique 
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employed  identical  linear  charges  placed  longi¬ 
tudinally  on  opposite  sides  of  the  projectile. 
Simultaneous  detonation  of  the  charges  resulted  In 
longitudinal  splitting  of  the  projectile  into  2  halves 
and  removal  of  the  base  and  nose  fuzes. 

L1438 

Ordnance  fnrestigatlon  Laboratory,  Naval  Powder 
Factory,  Indian  Hpad. 

EFFECT  OF  DIVERGENT  MULTIPLE  LETS 
FROM  CAVITY  CHARGES,  by  C.  A.  Quam. 

Nov.  2’.,  1945,  2 Ip.  incl.  illus.  ([OIL]  rept.  on 
OIM  no.  253)  Confidential 

The  following  tests  are  described:  (1)  a  Mark.  2 
charge  fired  horizontally  at  a  sheet  metal  target 
30  ft.  away;  (2)  attempts  to  detonate  a. cluster  of 
3  Mark  2  charges  simultaneously  and  a  cluster  of 
3  Mark  2  liners  in  the  same  manner;  and  (3)  clus¬ 
ters  of  7  Mark  2  charges  detonated  from  the 
center.  Results  showed  that  clustered  charges 
greatly  reduced  the  effectiveness  of  all  the  jets 
except  the  1  formed  directly  under  the  point  of  . 
detonation  as  the  other  jets  are  deflected  at  ap¬ 
proximately  a  45°  angle.  The  particles  of  the  jets 
are  not  concentrated  at  a  single  point,  thus  In¬ 
creasing  the  effectiveness  of  the  target  40J. 
Numerous  night  photographs  illustrating  the  above 
tests  and  conclusions  are  included. 

L1439 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

RECOVERY  OF  FUZEP  FROM  CERTAIN  PRO¬ 
JECTILES  AND  ROCKET  HEADS  BY  USE  OF 
CAVITY  CHARGES.  PART  II.  Dec.  18,  1945, 
45p.  incl.  Ulus,  dlagra.  ;’[OIL]  final  rept 
on  OIM  nos.  273  and  275)  Unclassified 

Curvilinear  shaped  charges  were  used  to  cut  base 
plugs  away  from  shells  and  rockets  as  a  means 
of  fuze  recovery.  Specifications  are  given  for 
the  proper  charge  for  each  round  disposed  of  as 
well  as  operating  procedures  and  photographs 
of  the  assembly  of  the  charge  on  the  round  and  the 
results  of  d.tonallng  the  charge. 

L1440 

Ordnance  Investigation  Laboratory,  Naval  Powder 
Factory,  Indian  Head. 

PROJECTILE,  HOLLOW  CHARGE,  75-MM. 
SPIN-STABILIZED,  HE,  ARMY,  JAPANESE,  by 
J.  Juse.  May  27,  1946,  3p.  incl.  illus.  (Pre¬ 
liminary  rept.  Prbjectile-30;  1095)  Unclassified 

This  preliminary  report  describes  the  Japanese 
army  75-mm.  (actually  72-mni.)  spin-stabilized 
shaped  charge  projectile  which  contains  a  steel 
liner  with  an  attached  flash  channel. 

L1441 

Ordnance  Laboratory,  Frankfard  ArsenaL 

ATTEMPT  OF  A  THEORY  OF  ARMOR  PENE¬ 
TRATION,  by  H.  A.  Bethe.  .May  23,  1941,  alp. 

Unclassified 


Bethc’s  theory,  although  primarily  for  pro¬ 
jectiles,  was  used  as  a  basis  for  the  theoretical 
consideration  of  penetration  by  shaped  charge 
jets.  For  a  discussion  ol  Us  application  to  this 
subject,  see  item  no.  L606. 

L1442 

Ordnance  Laboratory,  Frank  lord  ArsenaL. 

EXAMINATION  OF  GERMAN  75-MM.  HOLLOW 
CHARGE  SEMIFIXED  HOWITZER  SHELL,  by 
M.  Wlater.  July  1944,  Bp.  Incl.  tables,  diagrs. 
(Proj.  no.  2/70,  rept.  no.  R-478)  Restricted 

A  detailed  drawing  is  shown  of  the  assembled 
75-mm.  shaped  charge  semifixed  Hcwitzer  shell. 
Examination  of  the  shell  showed  that  the  Cu 
banded  body  was  forged  from  a  WD107ll-type  stsel, 
the  nose  was  Zn  base  die  casting,  zr.d  rn  olive 
drab  nitrocellulose  lacquer  coated  the  exterior 
of  the  entire  shell.  The  liner  was  fabricated  from 
a  WDlOlO-type  pearlitic  steel,  and  the  flash  tube 
was  of  AI. 

L1443 

Ordnance  Laboratory,  Frankford  ArsenaL 

EXAMINATION  OF  GERMAN  90- MM.  HOLLOW 
CHARGE  ROCKET-BAZOOKA  TYPE  (FMAM  661), 
by  M.  Winter.  May  1245,  12p.  tncL  illus.  tables, 
diagrs.  (Proj.  no.  2/70,  rept.  no.  F.-535) 

Confidential 

Results  are  given  of  a  physical,  chemical,  and 
metallurgical  examination  ol  a  rocket  Identified  as 
a  German  90  (8B?)-mm.  shaped  charge  bazooka. 
Detailed  drawings  are  included. 

L1444 

Ordnance  Laboratory,  Frankford  ArsenaL 

EXAMINATION  OF  JAPANESE  75-MM.  HOLLOW 
CHARGE  HE  SHELL  AND  STEEL  CARTRIDGE 
CASE  FOR  JAPANESE  REGIMENTAL  GLN 
(FMAM  665),  by  M.  Wlater.  June  1945,  13p.  Inch 
illus.  tables,  diagrs.  (Proj.  no.  2/70,  rept 
no.  R-561)  Confidential 

Results  are  given  of  a  physical,  chemical,  and 
metallurgical  examination  of  the  Japanese  75-mm. 
shaped  charge  shell.  Detailed  drawings  are 
included. 

L1445 

Ordnance  Laboratory,  Frankford  ArsenaL 
MECHANISM  OF  COLLAPSE  OF  CONICAL 
HOLLOW  CHARGE  LINERS,  by  H.  P.  George. 
Rept.  no.  1.  Oct.  1945,  lv.  incl.  illus.  (Proj. 
no..  3/324,  rept.  no.  R-667)  Confidential 

A  metallurgical  examination  was  made  of  the 
slugs  recovered  after  firing  selectively  carburized 
liners  for  the  M9A1  rifle  grenade  in  order  to  ob¬ 
tain  information  on  the  nature  of  metal  flow  during 
deformation  of  the  liners  on  firing,  and  the  tem¬ 
peratures  developed  in  the  slugs.  An  appendix 
reports  on  the  examination  of  the  slug  formed  from 
the  shaped  charge  liner  of  a  7. 2-in.  rocket. 
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Ordnance  Laboratory,  Frankford  Arsenal. 

POINT-INITIATING  ELECTROMAGNETIC  FUZE 
T16,  by  S.  W.  Kitchen  and  others.  Rept.  no.  3. 
D“c  1945,  18p.  diagrs.  (Proj.  no.  2/119,  rept. 
no'.  R-683)  Conlidential 


An  attempt  to  develop  an  electromagnetic  fuze 
for  use  in  shaped  charge  shells  is  reported.  The 
luze  was  to  function  in  less  t.ian  lQOyisec.  after 
the  impact  of  the  shell.  Tests  demonstrated  that 
the  functioning  time  oi  the  luze  was  satisfactory; 
but  armor  penetration  of  the  M6A3  rocket  as¬ 
sembled  with  this  fu2e  was  Inferior  to  the  pene¬ 
tration  of  the  standard  M6A3  rocket  with  h^se 
detonating  fuze.  Tt  was  recommended  that  the  fuze 
be  redesigned  to  leave  the  center  hollow  su  that 
the  fuze  would  not  interfere  with  the  formation  of 
the  Jet  from  the  exploding  shaped  charge. 


L1447 

Ordnance  Laboratory,  Frankford  Arsenal. 

DEVELOPMENT  OF  A  PIEZOELECTRIC  FUZE, 
by  J.  R.  Vigilante.  Rept.  nc.  1.  Dec.  1946,  lip. 
jncl.  diagrs.  (Proj.  no.  2/122,  rept.  no.  R-750) 

Confidential 

Preliminary  attempts  to  apply  piezoelectric 
crystals  in  connection  with  electric  detonators  to 
produce  a  fast  acting  fuze  for  use  in  shaped 
charges  are  described.  Ammonium  dihydrogen 
phosphate  (anhydrous)  was  selected  for  the  tests 
because  of  its  excellent  mechanical  and  electrical 
properties,  availability  in  large  amounts,  and  low 
cost  of  manufacture.  The  resistance,  operating 
time,  and  energy  required  for  detonation  were 
measured  for  spark-gap  primers,  bridge-wire 
type  detonators,  and  experimental  6park-gap 
detonators.  Sufficient  work  was  done  to  indicate 
that  this  type  of  fuze  is  possible,  but  further  work 
was  suspended  because  of  the  success  oi  the 
electromagnetic  fuze. 


L1448 

Ord"ance  Missile  Laboratories,  Redstone  Arsenal. 
DELIBERATIONS  CONCERNING  PLATOON 
ANTITANK  ROCKET  PPOBLEM,  by  C.  M.  Jaco, 
Jr.  Jan.  1953,  63p.  incl.  di.tgrs.  (Proj.  nc. 
TU2-19F,  rept.  no.  S8-a)  Secret 

Shaped  charge  warheads  and  their  role  as  antitank 
weapons  are  considered  in  a  general  study.  From 
this  viewpoint,  rccoilless  rifles,  antitank  guided 
missiles  Including  the  French  SS10  and  the  DART, 
and  rockets  are  discussed.  The  requirements  for 
protection  of  armored  vehicles  against  shaped 
charge  attack  are  presented  In  an  appendix. 


L1449 

Ordnance  Research  and  Development  Center,  Aberdeen 
Proving  Ground. 

THE  DEVELOPMENT  OF  AN  ARMOR  ARRANGE¬ 
MENT  FOR  MINIMIZING  THE  EFFECT  OF  THE 
GRENADES  AT  M0A1  AND  AT  M10.  [June- 
Gept.  1C421.  [47  lp.  incl.  tables,  diagrs.  (Armor 
test  rept-  no.  AD-59)  Conlidential 

Test  results  showed  that  the  M9A1  grenade  could 
be  defeated  by  a  number  of  armor  arrangements, 
the  most  imoortant  consideration  being  the  amount 
ot  space  provided  between  the  plates.  Obliquities 
were  effective  in  preventing  complete  penetration 
only" when  both  plates  of  an  arrangement  were 
parallel.  If  the  plates  were  set  at  an  angle  to  each 
other,  no  advantage  was  gained  over  an  arrange¬ 
ment  in  which  the  plates  were  parallel  to  each 
other  and  at  0J  obliquity.  The  M9A1  grenade  com¬ 
pletely  penetrated  a  3-5/8  in.  face  liardened  plate 
at  an  obliquity  of  15J.  The  front  plate  of  an  armor 
arrangement  must  have  physical  properties  which 
will  enable  it  to  withstand  detonation  of  the  M9A1 
grenade.  The  method  of  fastening  the  front  plate 
of  an  armor  arrangement  should  not  require  any 
part  of  the  fastening  to  protrude  from  the  plate  as 
it  will  be  damaged  by  (he  detonation  of  high  ex¬ 
plosives.  Mo  tests  were  made  with  the  AT  M10 
grenade  because  the  grenade  was  considered 
obsolete. 


L1450 

Ordnar.ce  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground.  ' 

INVESTIGATION  OF  KCR2  PLASTIC  ARMOR  AS 
A  METHOD  OF  DEFEATING  SHAPED  CHARGE 
AMMUNITION,  by  F.  S.  Wolff.  Mar.  3,  1945, 

59o.  Ulus.  (Armor  test  repL  no.  AD-SG2) 

Confidential 

At.  investigation  of  the  effectiveness  of  HCR2 
(silica  rock  and  a  mastic  binder)  in  debating  the 
jet  action  of  the  Panzerfaust  was  made.  Results 
showed  that  a  minimum  thickness  of  12  In.  of 
HCR2  with  a  0.75-in.  face  plate  was  required 
(1)  to  prevent  complete  penetration  of  the  sponson 
section  of  a  medium  tank  (M41,  and  (2)  to  give 
absolute  protection  of  the  turreL  Homogeneous 
armor  (0. 75  in.)  spaced  12  in.  In  front  of  the 
turret  nr  sponsor,  of  the  medium  tank  did  not  give 
protection  against  the  Panzerfaust.  Armor  plate 
of  0.  5- in.  thickness  provided  adequate  protection 
as  a  front  plate  to  retain  the  HCR2,  when  exposed 
to  a  direct  hit  from  the  lil5-mm.  HE;  Ml  sheiL 
A  minimum  of  6  in.  of  HCR2  with  a  0.75-in.  face 
plate  was  required  to  give  absolute  protection  of 
the  sponson  section  of  the  medium  tank  against 
the  105-mm.  HEAT,  M67  shell.  A  minimum  of 
5  in.  of  I1CR2  with  a  0. 75-tn.  face  plate  was  re¬ 
quired  to  give  absolute  protection  of  the  turret 
section  against  the  105-mm.  HEAT,  M87  shell. 

The  addition  of  a  face  plate  and  HCR2  provided  an 
increase  in  protection  against  75-mm.  AP  M72  and 
75-mm.  APC  M61. 
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L1451 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

TO  DETERMINE  THE  CRATER  MEASURE¬ 
MENTS  AND  CHARACTERISTICS  OF  BOMB, 

SC,  2R30-LB.  T5  AND  THE  FLIGHT  CHARAC¬ 
TERISTICS  OF  BOMB,  SC,  2000-LB.  TO,  np 
J.  W.  Cave  and  F.  J.  bu«o.  Dates  of  test! 

Apr.  5  and  14,  1915.  3p.  IncL  dlagr.  (Firing 
record  no.  0-0540)  Confidential 

L1452 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

TO  DETERMINE  EFFECTS  ON  THE  BOMB,  SC, 
20DO-L3  ,  T6  (INERT  LOADED)  WHEN  RE¬ 
LEASED  FOR  AN  ANGLE  OF  IMPACT  IN  EX¬ 
CESS  Ox  GO"  ON  THE  CONCRETE  HARD  SUR¬ 
FACE,  by  S.  McLain  and  W.  C.  Olson.  Date  of 
teat:  May  2,  1945.  2p.  dlagr.  (Firing  record  no. 
B-8709)  Confidential 

L1453 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

TO  DETERMINE:  (I)  THE  PRACTICABILITY  OF 
A  NC3E  FUZE  EXTENSION  FOR  USE  WITH  THE 
SHAPED  CHARGE  BOMBS,  AND  (2)  THE  AP¬ 
PROXIMATE  AIRSPEED  AT  WHICH  THE  EX¬ 
TENSION  WILL  FUNCTION,  by  C.  R.  Carr  and 
W.  C.  Olson.  Dates  of  test:  June  11-13,  1045. 

2p.  (Firing  record  no.  B-8971)  Confidential 

L1454 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

BALLISTIC  TEST  OF  FRONT  END  CASTING 
FOR  THE  HEAVY  TANK  T2B,  by  S.  McLain  and 
F.  E.  Mack.  Date  of  tost:  June  16,  1945.  3p. 
(Firing  record  no.  Ar- 15593)  Confidential 

L145S 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

RADIOGRAPHIC  EXAMINATION  OF  100-LB. 
SHAPED  CHARGE  BOMBS,  T2,  by  3.  McLain 
and  A.  S.  Buchanan.  Date  of  test:  July  12,  1945. 
3p.  (Firing  record  no.  Ar-10BOO)  Confidential 

L145B 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

TO  COMPARE  THE  PLATE  PENETRATING 
CHARACTERISTICS  OF  SHELL,  HEAT,  75-MM, 
MG0E2  (30‘  CONE),  WITH  SHELL,  HEAT, 
75-MM,  M06  (42"  CONE).  Dates  of  testa: 

Sept.  26,  28,  and  Oct.  1,  1945.  6p.  lncl.  tables. 
(Froj.  no.  372I(1221-P7-315j;  Firing  record  r,o. 
P-35562)  Confidential 

Shells  loaded  with  5C/50  pentolite  and  fired  against 
5-in.  homogeneous  armor  plate  set  a  0”  obliquity 


at  a  range  100  yd.  gave  uasatis factory  results. 

The  remaining  rounds  were  fired  against  4-in. 
homogeneous  armcr.  One  set  of  M68  shells  (muz¬ 
zle  velocity,  m.  v.  =800  It. /sec.)  completely 
penetrated  the  target  while  the  similar  shell  with 
m.  v.  of  1400  It.  /sec.  produced  an  average  pene¬ 
tration  of  2. 1  In.  The  M66F2  shells  with  m.  v.  'n 
of  1400  and  1000  ft. /sec.  produced  average  pene¬ 
trations  ol  2.4  and  0.81  in, ,  respectively. 

LI457  .  .  ; 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

FIRST  REPORT  ON  TEST  TO  DETERMINE  THE 
MAXIMUM  RANGE  OF  CHARGE,  DEMOLITION, 
SHAPED,  M2  A3  AND  M3,  by  C.  E.  Hawk.  Oct.  2, 
1S45,  [28]p.  lncl.  Ulus,  tables.  (Ordnance 
program  no.  5440,  rept.  no.  3)  (Ordnance  . 
Research  Center  pro*,  no,  6110;  Firing  record" 
no.  P-37863)  Confidential 

Tests  were  made  to  determine  the  maximum  range 
of  the  M2A3  ar.d  M3  shaped  charges  when  placed 
with  axis  of  the  conical  liner  in  a  horizontal 
position.  It  was  concluded  that  with  the  teat  tech¬ 
nique  used,  the  maximum  range  of  the  Jet  could 
not  be  determined.  Portions  of  the  slug  from  the 
M2A3  charge  may  travel  as  far  as  GOP  ft. ,  while 
portions  of  the  slug  from  the  M3  charge  may 
travel  as  far  as  1680  ft, 

L1453 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

INVESTIGATION  OF  GERMAN  SHAPED  CIIAFjGY 
ANTITANK  MINE  (UL.S  Ml.  4072),  byJ.  II.  Weber 
and  J.  Meszuros.  Dates  of  test:  Oct.  24,  1945  - 
Jan.  10,  1946.  3p.  illus.  diagrs.  appendixes. 
(Firing  record  no.  P-39954)  Restricted 

Physical  measurement  data  and  functioning  charac¬ 
teristics  are  given  for  the  German  shaped  charge 
antitank  mine,  DetaUed  drawings  oi  component 
parts  are  appended.  Chemical  and  physical  analy¬ 
ses  are  also  appended. 

L1459 

Ordnance  Research  and  Development  Center,  Aber¬ 
deen  Proving  Ground. 

THE  USE  OF  STEEL  SPIKES  TO  DEFEAT 
LINED,  SHAPED  CHARGE  AMMUNITION,  by 
F.  E.  Wolff.  Oct.  30,  1945,  7p.  and  appendixes 
A-C.  (Armor  test  rept.  no.  AD-1037) 

Confidential 

LI4G0 

Ordnance  Research  Center,  Aberdeen  Proving 
Ground. 

TO  INVESTIGATE  THE  CAVITY  EFFECT  OF 
THE  M2  CHARGE  AGAINST  STEEL  PLATE 
USING  DIFFERENT  TYPES  OF  FILLERS  MANU¬ 
FACTURED  BY  DU  PONT  COMPANY,  by 
J.  W.  Cave  and  J,  Meszaros.  Date  of  test: 

Nov.  23,  1943.  Ip.  lncl.  tables.  (Firing  record 
no.  M-279!  8)  Confidential 
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Tabular  results  show  the  following: 

Penetration  data 

•i  n  m  w  v 

2  Ajnatoi  60-40  220  4-7/8  2.30 

3  Tetratol  75-25  407  7-0/16  2.64 

3  Pentolttc  50-50  477  7-6/8  2. 98 

3  Cyclotol-Holston  60-40  547  8-i/8  3.03 

2  TNT  335.6-1/2  2.  55 

3  Eunatol  55-45  419  7-1/4-  2-79 

I=No.  of  charges;  n  =  Type  of  filler;  in=Ave. 
voL  (cc.);  IV=Ave.  depth  (ltr.);  V=!Lam  diameter 
at  face  (in.) 


L1461 

Ordnance  Research  Center,  Aberdeen  Proving 
Ground. 

FIRST  REPORT  ON  "THE  FOUNTAIN"  SHAPED 
CHARGE  AND  AUXILIARY  EQUIPMENT  WHEN 
TESTED  AGAINST  LOCOMOTIVES,  by  A.  B. 
Jenny.  Feb.  9,  1344,  16p.  Illus.  (Ordnanca 
program  no.  5445,  rept.  no.  1)  (Ordnance 
Research  Center  proj.  no.  3186;  Firing  record 
no.  M29438)  Secret 

The  fountain  cliarge  was  satisfactory  against 
locomotives.  The  jet  perforated  the  cylinders  raid 
Douers  oi  me  locomotives  and  yielded  damage 
which  required  major  repairs.  The  Ml  shaped 
charge  was  effective  against  a  boiler,  but  was 
unsatisfactory  because  of  its  Increased  sice  ar.d 
weight  which  made  handling  and  transit  difficult- 

L14B2 

Oidnance  Technical  Intelligence  Detachment 
Number  510, 

SOVIET,  76- MM.  SHAPED  CHARGE  PROJEC¬ 
TILE  WITH  TRACER  ELEMENT,  byJ.  G.  Ransier. 
July  10,  1951,  2p.  diagrs.  (Technical  Intelligence 
rept.  i:o.  510-14)  Secret 

Twenty  rounds  of  Soviet  76-mm.  shaped  charge 
ammunition  were  received  from  the  5th  Marine 
Regiment.  All  rounds  were  fuzed  with  the  Soviet, 
point  detonating  BM  fuze.  The  explosive  charge  in 
the  projectile  is  a  cast  compound  very  similar  to 
tetrytol  and  weighs  1  lb.  The  explosive  is  believed 
to  be  5D%  TNT  and  50%  RDX. 

L1463 

Ordnance  Technical  Intelligence  Detachment 
Number  528. 

SOVIET  HEAT  HAND  GRENADE,  RPG6,  by 
J.  G.  Ransier.  June  7,  1951,  4p.  incl.  Illus.. 
dlagr.  Secret 

Photographs  are  shown  ot  the  Soviet  HEAT  hand 
grenade,  F.FG6,  which  employs  the  shaped  charge 
principle  and  will  penetrate  up  to  3.94  In.  of 
armor.  It  has  an  over-nil  length  of  , 13.  5  In.  and 


weighs  2. 4  lb.  The  grenade  has  an  "all-ways-  , 
impact"  fuze.  The  grenade  may  be  thrown  from  " 

17  to  25  yd.  with  reasonable  accuracy.  - 

L1464  ,  . 

Ordnance  Technical  Intelligence  Detachment  Number 
029.  • 

CHINESE  SHAPED  CHARGE  ANTITANK  GRE¬ 
NADE,  by  T.  P.  Heseltarth.  Apr.  18,  1951, 

Ip.  dlagr.  (Technical  rept.  no.  920-1)  Secret 

The  grenade  is  yellow  in  color,  conical  shaped,  , 
cloth  covered,  with  a  black  metal  Igniter.  The 
grenade  contains  a  pult-type  Igniter,  booster,-. •  r- 
main  charge,  -wooden  spacer,  A1  liner,  1. 03  In. 
wide  across  apex,  3.90  In.  wide  across  baso,  and 
a  cloth  cover.  "It  is  believed  that  this  grenade 
is  designed  to  be  placed  by  hand  oa  armored  aur- 
faco,  and  then  ignited  by  putting  the  safety  pin 
from  the  compressed-spring  firing-pin  device  in 
the  igniter.  There  is  evidently  a  delay  element 
in  the  detonator  unit.  Two  of  these  grenade3  have 
been  recovered  In  the  3rd  US  Div.  area  north  of 
Uijungbu."  No  data  are  given.  (OTID  abstract) 

L1465 

Ordnance  Technical  Intelligence  Detachment  /  ' 
Number  320. 

CHINESE  SHAPED  CHARGE  AT  GRENADE,  by 
T.  P.  Heselbarth.  May  5,  1951,  lp.  dlagr.  , 
(Amendment  to  Technical  rept.  sc.  920-1) 

Secret 

Upon  additional  investigation  cf  the  subject  gre¬ 
nade,  It  has  been  determined  tnat  the  striker  works 
against  anti-creep  spring,  rather  than  being  ,  „ 
activated  by  it.  When  the  safety  pin  is  pulled,  '  ' 
prior  to  throwing  the  grenade,  the  striker  is  free 
to  strike  the  primer,  except  for  the  resistance  of 
the  spring.  Upon  impact,  the  striker  moves  for¬ 
ward,  overcoming  ihe  resistance  oi  the  spring, 
strikes  the  primer,  and  activates  the  explosive 
train.  The  grenade  Is  thrown  against,  rather  th?n  • 
placed  upon,  the  armor  of  the  tank.  At  this  'writing, 
no  fins  or  other  stabilizing  equipment  has  beee. 
found,  but  It  is  believed  that  a  fiber  or  cloth  tall  to 
attached.  Tests  have  shown  that  this  grenade  will 
penetrate  approximately  3  In.  of  turret-armor  of 
the  Soviet  T34/33  tan 5c.  (OTID  abstract) 


L146B 

Ordnance  Technical  Intelligence  Detachment  , 

Number  920. 

LAUNCHER,  ROCKET,  97-MM;  CHINESE  - 
BAZOOKA  TYPE,  by  J.  G.  Ransier.  Soot.  18, 
1951,  2p.  Illus.  (Technical  Intelligence  rept 
no.  507-20)  Secret 

A  Chinese  rocket  launcher,  type  135,  for  Launching 
Chinese  87 -mm.  HEAT  rocket  was  captured  by 
the  1st  Cavalry  Div.  The  weapon  Is  partially 
copied  from  the  US  rocket  launcher.  M20.  No 
data  are  given. 
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L1.407 

Ordnance  Technical  Intelligence  Detachment 
Number  920. 

CHINESE  COPY  OF  US  2.23-IN.  ROCKET, 

HE/AT;  M6A3,  by  T.  P.  Heselbarth.  Get.  30, 

1951,  3p.  lllus. '  (Technical  rept.  no.  920-9) 

Secret 

The  rocket  Is  an  exact  copy  ol  the  US  rocket* 

.  M0A3,  except  for  slight  differences  in  measure¬ 
ments,  and  explosive  filler.  In  the  Chinese  copy, 

2  collars,  0.  028  in.  In  thickness,  and  1.  611  in. 
in  height,  are  mounted  ctrcumferontUlly  in  the 
ogive,  resting  on  the  perimeter  of  the  shaped 
charge  liner,  to  increase  the  strength  of  the 
standoff.  No  •  arc  given.  (QTID  abstract) 

L14C8  ' 

Ordnance  Technical  Intelligence  Detachment 
Number  920. 

CHINESE  COPY  OF  JAPANESE  75-MM.  HOL¬ 
LOW  CHARGE  ROUND,  MODEL  2,  by  T.  P. 

Heselbarth.  Jan.  0,  >952,  2p.  (Technical  rept. 
no.  020-12  Secret 

Four  Chinese  copies  of  Japanese  75-mm.  Model2 
shaped  charge  rounds  were  recovered  by  the  21st 
Infantry  Regiment.  Three  of  the  projectiles  were 
recovered  minus  the  propellant  case;  1  complete 
round  was  found  packed  in  a  metal  container  with 
2  75-mm.  HE  rounds,  and  3  Japanese  type  88 
instantaneous  nose  fuzes,  1  of  which  was  painted 
black.  Markings  which  appeared  on  t.he  projectiles 
are  given.  No  color  bands  or  markings  were  found 
indicating  use,  filler,  etc, 

L1480  .  ' 

Pack,  D.  C.  and  W.  M.  Evans. 

PENETRATION  BY  HIGH-VELOCITY  ("MON¬ 
ROE")  JETS:  I.  Proceedings  of  the  Physical 
Society,  v.  843,  part  4,  Apr.  1,  1951:  298-302. 

By  means  of  certain  simplifying  assumptions  n 
formula  is  developed  for  the  penetration  into  a 
ductile  target  by  a  high-velocity  (Munroe)  jet 
The  action  of  the  jet  is  divided  into  2  stages,  each 
making  its  contribution  to  the  total  penetration.  In 
the  first  stage  a  hoie  is  formed  by  the  lateral 
compression  of  the  target  as  the  jet  penetrates  it; 
the  second  stage  begins  when  the  last  particle  of 
the  jet  has  ceased  to  act,  the  hole  continuing  to 
deepen  until  the  residual  energy  in  the  target  has 
been  spent.  At  the  high  pressures  set  up  by  a 
Munroe  jet  the  strength  of  the  target  plays  only  a 
subsidiary  part  In  the  phenomenon. 

(Physical  Society  abstract) 

L1470 

PANSAHHAVEN.  Flygning,  v.  26B,  July  15-38,  1948: 

12p. 

A  brief  description  with  a  diagram  is  presented  of 
this  Swedish  adaptation  of  the  German  Panzerfaust. 
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L1471 

Physlkalischcs  Institut  der  Ucivcrsltat  Berlin. 

X-RAY.  FLASH  PHOTOGRAPHY  INVESTIGA¬ 
TION'S  OF  HOLLOW  CHARGES  (Rdntgenblita- 
untersuchungen  an  Hohlsprengkdrpern),  by 
E.  Schumann  and  others.  Nov.  5.  1942,  28p. 
lncL  lllus.  diagrs.  (Sprengstotlphyslknerlcht 
43/1;  Trans,  as  rept.  no.  BIOS/Gp.2/HEC  2587, 

43p.  mcl.  illus.  diagrs. ;  Also  trans.  as  OTIB 
rept.  no.  1470,  Iv.  incL  illus.  diagrs.) 

Restricted 

The  Hash  photography  Installation  used  to  study 
the  detonation  wave  is  described  and  illustrated. 
Photographs  of  the  iormatton  of  the  Jet,  and  ex¬ 
planations  of  them  are  given. 

L1472  ■  ■ 

(PhysiksUsches  InstKut  der  Universiiai:  Berlin], 
DEPENDENCE  OF  EXPLOSIVE  EFFICIENCY 
UPON  THE  NATURE  AND  STRENGTH  OF  THE 
LINING  MATERIAL  IN  HOLLOW  EXPLOSIVE 
BODIES,  by  E,  Schumann  and  others.  Mar.  23, 

1943.  (Physico  of  Explosives  rept,  43/4;  Trans, 
as  rept.  no.  BlOS/Gp.  2/HEC  2596,  108p.  IncL 
tables,  diagrs.;  Also  trans.  as  OTIB  rept.  i 
no.  1489,  classified  "Restricted",  2v.  incL  lv. 
of  dlagTS.)  (In  cooperation  with  [Forschung- 
sabteilung  dcs  Heereswaffenamtes,  Berlin]) 

Secret 

Tests  were  made  on  armor  plates  ol  90  to 
129  kg.  /mm?  tensile  strength  and  lOC-mm. 
thickness.  Depth,  width,  and  volume  of  the  holes 
were  measured.  The  ILner  metals  could,  with 
respect  to  their  effectiveness,  be  divided  into 
the^e  groups:  (numbers  following  metal  groupB 
indicate  depth  of  hole  with  the  optimum  liner 
thickness)  -  Cu  and  Cu  alloy:,  (58  mm.);  deep 
drawn  sheet  metal  (55  mm.l;  Zn  (51  mm.),  sheet 
Fe  (47  mm.);  A1  and  Al  alloys  (89  mm.);  Mg  ailoy 
(23  mm.);  and  Fe  (55  mm.).  Experiments  were 
performed  to  devise  a  method  for  the  production 
of  the  necessary  liners  with  the  maximum  economy 
of  material  and  in  the  simplest  way.  The  results 
showed  that,  for  aU  metals  tested  and  liner  thick¬ 
nesses,  a  diiierence  between  metal  liners  in  1 
piece  and  subdivided  liners,  apart  from  dispersions 
occurring,  was  not  ascertainable.  Small  Interstices 
between  the  various  sectors,  which  may  occur  when 
the  charge  Is  lined  with  sectors,  bad  no  influence  on 
explosive  eificiency.  -It  was  found  that  greater 
efficiency  was  obtained  when  the  liner  material  wan 
placed  as  close  as  possible  to  ihe  wall  ol  the  hoUow 
apace  of  the  explosive  body. 

L1473 

[Physikalisches  Institut  der  UniversitUt  Berlin]. 

INCREASE  OF  HOLLOW  CHARGE  EFFECT 
THROUGH  IGNITION  CONTROL  (LENSES),  by 
E.  Schumann  and  G.  Heinrichs.  Mar.  30,  1943. 

(Rept.  no.  43/2;  Trans.  as  OTIB  rept.  no.  1471, 

3p.  illus.;  Also  trans.  as  rept.  no.  BIOS/Gp. 2/lIEC 
2590,  "Unclassified",  13p.  incl.  lllus.  diagrs.) 

Restricted 

SECRET 


5 


SECRET 


SHAPED  CHARGES' 


Experiments  arc  reported  on  shaping  detonation 
waves  by  inserting  a  barrier  [German  term;  lanaj 
ol  inert  material  (concrete  in  this  case)  in  tho  ex¬ 
plosive  charge.  The  explosive  is  ignited  In  a  circle 
around  each  end  ol  the  barrier  and  advances  from 
both  sides-  Twenty-five  %  improvement  tn  pene¬ 
tration  depth  Is  reported.  The  method  is  especially 
suitable  lor  hemispherical  cnargea.  (Abstract 
taken  from  HEC  translation  2590.} 


[PhysikallschcE  Instltut  der  Universltat  Berlin], 

THE  SCIENTIFIC  BASIS  OF  THE  HOLLOW 
CHARGE  EFFECT,  by  E.  Scliumann.  Apr.  28, 
1813.  (HE  Physics  repL  43/5;  Trans,  as  rept. 
no.  BIOS/Gp.  2/HEC  5919,  40p.  incl.  dlagrs. ; 

Also  trans.  as  CTIB  rept.  no.  1485,  classified 
"Restricted",  13p.  lllus.  diagrs.)  Confidential 

The  effect  of  a  shaped  charge  on  an  armor  plate 
■was  related  in  its  origin  to  a  vapor  focusing 
process,  where  vapor  was  understood  to  be  gas 
or  metal  vapor.  Possibilities  for  controlling  this 
process  Include  cavity  shape,  shaping  of  the  igniting 
detonation  wave,  and  cavity  lir.er.  Sections  are 
Included  on  ihe  development  of  a  uniform  conception 
of  the  process  of  detonation.  It  was  stated  that  the 
eifect  on  the  armor  plate  originated  from  the 
vapor  Jet  and  could  not  be  Identified  with  a  pro¬ 
jectile  effect.  It  was  found  that  the  data  obtained 
led  to  new  suggestions  for  the  Increase  of  and 
protection  against  the  shaped  charge  effect.  An 
increase  was  achieved  by  guided  initiation  and  b7 
employing  echelon  ignition  with  combined  charges. 
As  a  protection,  armor  plates  of  a  specific  light 
metal  of  high  sonic  velocity  and  good  plastic 
properties  for  molding  were  suggested. 


L1475 

[PhyaikallBches  Instltut  der  Universii'at  Berlin]. 
CONTRIBUTION’  OF  THE  KNOWLEDGE  OF  THE 
MANNER  OF  ACTION  OF  HOLLOW  EXPLO¬ 
SIVE  BODIES,  by  W.  Holtz  and  others.  Sept.  22, 
1943.  (HE  Physics  rept.  43/7;  Trans,  as  rept. 
no.  BIOS/Gd.  2/HEC  2595,  19p„  incl.  Ulus,  tables; 
Also  trans.  as  OTIB  repi.  no.  1432  entitled 
"Study  of  the  elfect  of  hollow  charges",  classified 
'■  Restricted",  Up.  incl.  lllus.)  (In  cooperation 
with  [Forschungsabteilung  des  Heereswalfciiamtea 
Berlin])  Unclassified 

The  reaction  of  solid  targets  and  targets  consisting 
of  stacked  plates  to  shaped  charge  explosions  is 
reported.  Conclusions  as  to  the  processes  taking 
place  at  the  formation  ol  the  crater  arc  drawn. 


L1476 

Physikalisches  Instltut  der  Unlveraifit  Berlin. 

INVESTIGATION  ON  THE  EFFECT  OF  HOLLOW 
CHARGES  MADE  OF  SUBSTITUTE  EXPLOSIVES 
(Untersuchungen  iiber  die  Sprengwlrkung  von 
Hohlsprengkorpern  auo  Eraatzsprengstoffen),  by 
H.  Moller  and  K.  Wolk.  Oct.  25,  1943,  22p. 
diagrs.  (Sprengstoffphysikbericht  43/8;  Trans.  SB 
OTIB  rept.  no.  1477.  5d.;  Also  trans.  as  rept. 
no.  BIOS/Gp.  2/HKC  2591,  "Unclassified”,  o3p. 

Incl,  tables,  dlagrs.)  (In  cooperation  with  Forschung- 
sabtellung  des  Heereswaffenamtes)  Restricted 

Twenty-one  explosive  compositions  were  tested 
and  evaluated  to  ascertain  which  would  be  suitable 
for  use  In  shaped  charges.  RDX  was  found  to  bo 
the  most  effective  for  conical  shaped  charges. 
(Abstract  taken  from  HEC  translation  2591) .  i  . 


L1477 


J-  ;  ’  W, 

Picatlrmy  ArsenaL  , 

EXAMINATION  OF  UNFIRED  BO-MM.  GERMAN 
ROCKET,  "BAZOO KA"-TYPE  (FMAM-Ohl),  by 
A.  B.  Schilling.  Flrstand  final  rept.  Sept.  23, 
1944,  6p.  illua.  dlagrs.  (Technical  rept.  no.  1427) 

Confidential 


An  examination  was  made  of  a  German,  90- mm. , 
bazooka-type  rocket  which  consists  of  a  point- 
fuzed,  HE  shaped- charge-loaded,  thin  waUed, 
steel  shell  to  which  is  attached  a  steel  pipe  with  a 
venturi-type  extension  and  a  8-vane  fin,  or  sta¬ 
bilizer  assembly. 


L1478  ■ 

Picathmy  ArsenaL 

CARTRIDGE  HEAT,  T10TS11  FOR  90-MM. 
GUN,  M3,  by  T.  Clifford.  Oct.  20,  1950,  Sp. 
dlagrs.  (Pro),  no.  TM1-1451T,  PA  notes  ao.  24) 

Confidential 

A  description  and  diagrams  are  given  for  the  fin- 
stabilized  90-mra.  T108E11  HEAT  cartridge.  The 
shell  was  designed  to  penetrate  approximately 
5-ln.  homogeneous  armor  plate  at  60“  obliquity 
or  10-ln.  plate  at  normal  Impact.  -  -  • 


L147& 

ricattnr.y  ArsenaL 

ROCKET,  HEAT,  2.30-IN.,  T59E3,  by  L  B. 
Gluckman.  Nov.  10,  1950,  7p.  lllus.  dlagrs. 
(Pro),  no.  TU2-10C1A,  PA  notes  no.  21) 

Confidential 

The  development  of  the  T59ES  HEAT  roefce4  which 
contains  a  shaped  charge  warhead  Is  described. 
The  ballistic  data  show  its  maximum  range  to  be 
1500  yd.  and  its  penetration  in  armor  to  foe  a 
minimum  of  7. 5  la. 
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?1S  OTT,  HEAT,  ?.  7G-TN. ,  T2018  AND- 
TO*  ROCKET,  PI, 

Juno  16,  1951,  Gp-  i-us.  dtogr...  cotJidentiiil 

TU2- 1020,  PA  notes  no.  32)  '-otul 

The  2  75-tn  HEAT  rocket  head,  T201&,  vAth 
Stot-lnlUated  fuze,  fc  briefly  described  tad»«"T 
Its  cons1  ruction,  characteristics,  and  method 
of  operation.  The  rocket  head  contains  ^  ccni^l 
Cu  lliter  and  HE  charge  of  0. 9-  lb.  ol (Com,.  B, 
ri-nds*  T  It  ts  capable  of  penetrating  7  lit*  o 
Class  B  homogeneous  armor  plate  at  0  obllqu  y, 
„  .  .  qno  “a  3  in.  at  GO  .  On  striking  the 

tarret  the  collapse  of  the  nose  of  the  wlndshiel 
S  the  prSo  initiate  the  explosive  train. 
The  auxiliary  detonator,  designed  with  a  hollow 
charge  which  "spits  back"  through  the  rocket 

headtelire  tube,  causes  detonation  oHhe  booster 

pellet.  This  initiates  the  detonation  c.  th„  HE 
charge  and  shaped  clmrge  penetration  results. 


‘"'cS-STW  57-MM,  TOR  RTOM.USS 

RIFLE,  FMAM-2039  (CHINESE)  Oct 5, UM, 

6p.  llluE.  dlagrs  (Pro  .  no.  TA1-3500 7  ^ 
llmlnary  rept.  no.  1«3W 

Thn  loaded  cartridge  examined  consisted  of  a 
point -fuzed  ilE-loadcd  shell,  and  a  primed  per- 
£JcdFe  cartridge  case.  The  HE  shell  Is  pro- 
S  with  a  pre-engraved  rotating  band  pressed 
into  a  seat  in  the  shell.  A  base  plug,  o.  ar  which 
is  solt-welded  a  base  plug  cover,  Is  threaded  Int 
the  shell  filler  hole.  A  brws-clad  Pb  psket  ^ 
provided  to  seal  the  bane  p.ug  to  shell-base  joint. 
Within  the  shell  la  a  metal  Uner,  having  a  flash 
tube  In  Its  hemispherical  head.  The  '“f  ®. oC 
detonator  Is  cavilated  to  form  a  conical  shaped 

charge,  the  flash  of  which  Is  transmitted  th  „ 
the  flash  tube  directly  against  the  upper  surmco 
of  the  solid  booster  pellet. 


of  foreign  ROCKETS  (CME3R 

87  MM.),  by  T.  Fruchtman  Nov.  19^1951 

consisted  of  3  principal  sub-assemblies:  spin- 
type  motor  with  C  canted  nozzleB,  shaped  charge- 
S:  head  with  base  detonating  fuze,  and  nose  fuze 
with  snltback  action.  The  shaped  charge  liner 
consisted  of  hot-rolled  steel  sheet  rolled  to  shape 
and  joined  with  a  welded  seam.  Zhadan  included 
-.•.-li  of  &v>°  and  appeared  generally  similar  in 
configuration  to  the  shaped  charge  liner  of  some 
American  HEAT  weapons.  "The  head  was  teste 
--ratnqt  an  armor  barrier  formed  by  1  In.  thick 
if' m.  uicare  mild  steel  plates,  placed  In  a  stack 


i  A  nlates  thick.  To  detonate  the  head,  a  du  Pent  • 

n°.  0  MastinS  ^fm^tlock  oVthi* 3uze° andtaped  * 

^rge  Con- 

.hr>  s3m„  means  maintain. a  distance  of  -  in-  02 
shaped  charge  standoff  of  4. i ilm,  l  “-3 

“T  “  ““SCSC  w  isfei.  r>- 

f'”,.!.,!  resulting  In  a  total  penetration 
ol  3  76  tru^The  steel  slug  formed  by  the  shaped 

Sr 1 S,  S  0»  H«r  mortal » 


1.1483  .  • 

man.  Dec.  13.  t»ot,  n  Confidential 

qnrrp  oi  the  many  variables  of  design  2nd  mami.- 
‘  ,  TTihirh  lnn**enco  Hie  ei/ect  of  shaped  charge 

SSSSSfJS*""* ptoM  -  btl,f ri'f 

;Sc  prSS  2*  general  .tom  (J>  »»? 
materials-  (3)  rotation  of  cone  and  clmrge,  (4)  de- 
materials,  tl  lnciudLnrt  liner  Ihlchness, 

presented  are  emplrlcaL 


Plratlnny  Arsenal 


MECHANICS  OF  ARMOR  PERFORATION.  A 
BIBLIOGRAPHY.  [1952J.  12p.  (typewriting 


Secret 


-Twenty-six  references  pertaining  to  shaped  charges 
I7e  included  In  this  list  of  42  abstracts  covering 
toe  period  from  1943-1951. 
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L14BE  •  ...  •...  n  ,  .  jr. 

Plcatlnny  Arsenal. 

EXAMINATION  OF  tIHFIRED  7S-MM.  HEAT-T 
COMPLETE  ROUND  OF  SOVIET  AMMUNITION 
MOD  UBP  3SSM  (FMAM  2Z08),  by  A.  B.  Schilling. 
Jan.  28,  1052,  ICp.  Ulus,  tables,  dlagrs.  (Pro), 
no.  TAl-3500,  rcpt,  no.  1;  Technical  rept, 
no*  1824)  Conlldentlal 

One  loaded  complete  round  ot  Soviet  7C-crna. 
BEAT-T  ammunition  MOD  UBP353M,  with  point 
fuze  was  examined.  The  shell  which  is  loaded 
with  a  cast  cyclotol  charge  cavltated  to  receive 
the  metal  liner,  contains  a  paper  flash  lube  be¬ 
tween  the  apex  of  the  liner  and  the  forward  end 
of  a  tetryl  booster.  The  brass  cartridge  case,  of 
conventional  design,  contains  a  fine-grained  cord 
nitrocellulose-methyl  centrallte  prcpellant  powder. 
In  the  base  ip  a  short  type  percussion  primer  Ig¬ 
niter  contacting  a  black  powder  pellet  ignite? 
charge.  A  tracer  assembly  is  threaded  into  the 
base  of  the  projectile. 

L1488 

Plcatlnny  Arsenal. 

NOTES  ON  DEVELOPMENT  OF  ROCKET, 

HEAT,  3.5-IN.,  T205,  by  H.  E.  DeFazlo. 

Feb.  28.  1 052,  5p.  JUus.  (Proj.  nou  TU2-1015, 

PA  notes  no.  40).  AD- 11  774  Confidential 

The  T205  rocket  is  a  HE,  antitank,  shoulder-fired 
weapon,  quite  similar  In  construction  to  the  stand¬ 
ard  M28A2  rocket.  The  head  assembly  of  the 
T205  contains  a  conical  Cu  liner  weighing  0. 53  lb. 
and  a  1.35-lb.  explosive  charge  of  Comp.  B,  only 
'  ‘ 10 %  ol  that  uBed  in  the  M23A2.  By  use  of  a  new 
explosive  configuration,  a  thinner  liner,  and  a 
greater  standoff,  the  decreased  weight  of  explo¬ 
sive  gives  greater  penetration  than  the  M23A2. 
Limited  static  firings  of  the  T205  head  at  7.3-In. 
standoff  gave  penetrations  or  about  10.2  In.  in  mild 
steel  plate  with  a  standard  deviation  of  approxi¬ 
mately  0. 6  in.  From  these  firings  it  Is  estimated 
that  the  T205  should  give  penetrations  In  homo¬ 
geneous  armor  plate  as  follows; 

Obliquity  Penetration 

0°  12. 9  in. 

45°  9. 2  in, 

80°  0.5  In, 


L1487 

Plcatlnny  ArsenaL 

ROCKET,  HEAT.  3.5-IN.,  T205,  byH.  E.  Do- 
Fazio.  Feb.  28,  1952,  5p.  Ulus,  dlagrs.  (Proj. 
no.  TU2-1015,  PA  notes  no.  40)  Confidential 

The  T205  rocket  Is  designed  to  have  greater  veloc¬ 
ity,  accuracy,  range,  and  penetration  than  the 
standard  M2GA2  rocket.  Static  firing  tests  with 
the  head  of  the  T205  rocket  which  contains  a 
conical  Cu  liner  showed  that  the  head  wlU  pene¬ 
trate  about  16. 2  in,  of  mild  steel  plate  with  a 


standard  deviation  of  about  0. 6  In.  when  fired  at 
full  ogive  standoff  (7. 3  la.)  without  the  nooo-fuxo 
element.  . 

LI4G3  •  .  .  : 

Plcatlnny  Arsenal.  .  - :  . 

GRENADE,  HAND,  AT  MODEL  (PUT-43) 
(SOVIET),  by  A.  B.  Schilling.  Mar.  1952,  op. 
tllu3.  table,  dlagrs.  (Pro),  no.  TB3-C035,  rept. 
no-  1;  Tcclialcal  rept-  no.  1834)  Conlldentlal 

Two  loaded  complete  assemblies  of  the  grenade 
were  examined.  The  grenade  consists  of  a 
cylindrical  light  sheet  steel  body  containing  a  high 
explosive  shaped  charge  of  cast  TNT,  and  a  steel 
liner,  a  detonator-booster  assembly  and  a  haridlo 
assembly.  "Information  is  available  Indicating: 
that  the  effective  penetration  of  Ihe  gresado  .  1 
charge  Is  through  75  mm.  of  normal  plate." «-  : 

L1489 

Plcatlnny  ArsenaL 

ANALYSIS  OF  FOREIGN  ROCKET,  73-MM.  AT 
ROCKET  (FRENCH),  by  T.  Fruchtmhn.  Apr.  18, 
1952,  15p.  lllus.  diagr.  (Pro],  no.  TU2-8B, 
Prelimhiary  rept.  no.  1864)  Secret 

The  rept.  includes  a  chemical  and  physical  analysis 
of  all  components,  of  the  rocket,  an  evaluation  of 
propellant  and  HE  performance,  and  the  prepara¬ 
tion  of  assembly  and  detail  drawings.  Two  oi  the 
HEAT  heads  were  fired  to  determine  their  Btatlc 
penetration  values.  Both  heads,  assembled  with 
the  normal  ogive,  were  placed,  noso  down,  on  top 
of  a  stack  of  20  5  In.  x  5  in.  x  1  In.  raild  steel- 
plalc-s.  Head  no.  2  penetrated  8.82  In.  and  head  • 
no.  3  penetrated  9.  09  In.  The  head  contains  a 
trumpet  shaped  liner  which  appeared  to  have  been 
drawn  and  then  machined.  The  liner  wall  thickness 
tapered  uniformly  from  about  0. 107  In.  at  the  basa 
to  0. 060  in.  at  the  apex.  The  liner  angle  la  about 
55'  near  the  base  and  25'  near  the  apex. 


L1490 

Plcatlnny  ArsenaL 

HEAD,  ROCKET,  HEAT,  2.75-IN.,  T2016E1 
AND  FUZE,  ROCKET  PI,  T202S,  by  T.  Frucht- 
man.  May  2,  1952,  Dp.  inch  Ulus,  dlagrs.  (Proj. 
no.  TL'2-1020,  Addendum  to  PA  notes  no.  32) 

Confident  la] 

A  study  was  undertaken  to  determine  If  the  seal  la 
the  base  of  the  T2O10  HEAT  rocket  head  will  block 
the  passage  of  hot  gases  into  the  explosive  cavity 
when  rupture  of  the  bfowout  disc  occurs.  Testa 
using  motors  with  the  disc  removed  Indicated  that 
gas  leaked  into  the  bead  at  130°  V  under  static 
firing  conditions.  The  head  was  modified  by  re¬ 
placing  the  base  plug  and  Cu  gaeket  with  a  cup- 
shaped  base  adapter.  It  was  mr.cluded  that  the  new 
design  performs  satisfactorily  and  offers  protection 
against  gas  leakage  from  the  motor  into  tho  head. 
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L1491 

Plcatlnny  Arsenal.  ■ 

ROCKET,  HEAT,  3.5-1)!.,  T205E1,  hyT.  Frucht- 
man.  Oct.  5,  1953,  Bp.  tncl.  CUus.  (ProJ.  no. 
TU2-1015,  Addendum  no.  1  lo  PA  notes  no.  40) 

Ccnlldential 

The  contour  of  the  heat  of  the  X  5- In.  HEAT  rocket 
T205  was  modified  to  improve  its  penetration  per¬ 
formance,  the  modification  being  designated 
T205E1.  By  Increasing  the  length  of  the  cylindri¬ 
cal  portion  at  the  rear  of  the  head  and  by  reducing 
the  length  of  the  ogive,  the  same  over-ail  length  of 
23. 55  in.  was  maintained.  This  major  riesi 
change  respited  In  an  increase  of  (he  distance  be¬ 
tween  the  apes  of  the  conical  liner  and  the  booster 
pellet  from  0. 25  in.  to  1.  3  In.  Tests  of  the  modified 
rocket  against  Class  B  armor  plate  gave  satis¬ 
factory  results.  Drawings  of  the  revisions  are 
Included. 

L1402 

POWER  OF  THE  BAZOOKA.  Army  Ordnance,  v.  29, 
Jvly-Aug.  1945:  75-77. 

The  importance  of  the  nollow-head  charge  in  modern 
warfare  i3  discussed.  Schematic  drawings  show 
the  hollow  head  projectile  which  the  rocket  carries. 


L1493 

[Princeton  University  Station,  Princeton,  N.  J.  ?]. 
SUGGESTIONS  FOR  CONSTRUCTION  AND 
TRIALS  OF  CIRCULAR  HOLLOW  CHARGE 
{"PULLEY”),  by  p.  M,  FreemanJ,  n.d.  Ip. 
dlagrs.  Secret 

A  rough  sketch  of  the  proposed  "Pulley"  charge 
apparently  shows  it  to  be  circular  in  shape  with 
a  steel  lined  cavity  {G0°  at  apex)  around  the  outer 
rim.  The  charge  weight  Is  staled  as  approxi¬ 
mately  6  lb.  A  test  is  suggested  in  which  land 
mines  were  to  be  placed  2  ft.  apart  along  3  radial 
lines  drawn  from  a  burled  "Pulley"  charge.  The 
diameter  of  the  resulting  crater  and  the  number 
of  mines  detonated  In  each  line  were  to  be  noted. 


L1494 

Princeton  University  Station,  [Princeton,  N.  J.]. 
SHAPED  CHARGE  PENETRATION  INTO  CON¬ 
CRETE,  by  J.  L.  Linds'.rom.  May  31,  1944,  5p. 
Inch  diagr.  (Princeton  Technical  memo.  no.  33) 
(NDRC  Dlv.  2)  Confidential 

A  mathematical  examination  or  the  penetration 
depth-charge  weight  relationship  against  concrete 
is  reported.  Tim  equation  X(n_  =  9. 8W| 0.  43 
is  found  the  most  accurate  to  satisly  the1  existing 
data,  but  the  equation  is  r.ot  considered  Infallible 
because  of  the  lack  of  data  and  the  variables  which 
enter  into  the  penetrating  effect  of  a  shaped  charge. 
A  bibliography  Is  Included. 


L1495  . 

Princeton  University  Station.  [Princeton,  N.  J.]. 
FOLLOW-THROUGH  AND  SHAPED-CHARGE 
BOMBS,  by  F.  G.  Roth,  June  1944,  7p.  (Prince- 
toil  Technical  memo.  no.  33)  (NDRC  Div.  2)  • 

Confidential 

The  effectiveness  of  shaped  charges  against  con¬ 
crete  is  briefly  summarized  under  the  loll  owing 
topics:  shape  of  cavity  of  charge,  optimum  apex 
angle,  hole  diameter,  and  optimum  standoff.  A 
German  follow-through  bomb  is  analyzed  mathe¬ 
matically;  it  is  concluded  that  this  type  of  bomb  lo 
Impractical  against  massive  reinforced  concrete 
targets  because  of  tho  required  dispropOitionate 
ratio  of  shaped  charge  to  follow-through  chavgs. 
Three  German  shaped  charge  bombs  are  also 
analyzed.  A  bibliography  Is  Included. 

LI490 . .  ...... 

The  Proving  Center,  Aberdeen  Proving  Ground. 

TO  DEVELOP  A  SATISFACTORY  SHAPED 
CHARGE  TOR  CONCRETE  DEMOLITION,  by 
J.  W.  Cave  and  others.  Dates  of  test:  Oct.  23, 
1942-Mar.  1,  1943.  lv.  IncL  illus.  tables,  diagr. 
(Firing  record  no.  M-2076S)  Confidential 

A  majority  of  the  charges  fired  are  Indicated  by 
sample  number  only,  but  some  are  designated  as 
standardized  charges,  1.  e. ,  Ml  charge  containing 
TNT  encased  in  sheet  metal  with  a  Tetryl  booster; 
M1A1  and  M1A2  charges,  similar  except  for  the 
position  of  the  blasting  cap;  and  the  M2  charge  with 
a  wooden  adapter.  These  charges  were  tested  for 
effectiveness,  functioning,  safety,  and  demolition 
characteristics. 

LI  497 

Pugh,  E.  M. ,  R.  von  Heine- Geldern,  S.  Foner,  and 
E.  C.  Mutschler. 

KERR  CELL  PHOTOGRAPHY  OF  HIGH  SPEED 
PHENOMENA.  Journal  of  Applied  Physics,  v.  22, 
Apr.  1951:  487-493. 

The  action  of  shaped  charge  metal  jet3  on  various 
target  materials  was  photographed  at  exposure 
times  of>  1  jisee  by  synchronizing  an  ciectrlcaHy 
exploded  wire  of  peak  intensity  3  to  5  x  lO®  candle- 
power  and  a  Kerr  celt  shutter  with  the  phenomenon. 
By  using  a  large  lens  with  a  7-in.  focal  length,  and 
an  effective  aperture  of  f/4  detail  was  obtained  In 
the  photographs.  The  technique  was  also  employed 
to  study  the  propagation  of  shock  waves  In  solids 
and  liquids.  The  following  phenomena  were  photo¬ 
graphed:  (a)  the  Jet  from  a  Cu  conical  liner  with 
a  flat  apex;  (b)  the  jet  from  a  macidned  brass 
conical  liner  with  truly  conical  apex;  (c)  the  Jets 
obtained  from  the  simultaneous  detonation  of  2 
shaded  charges;  (d)  the  detonation  wave  traveling 
downward  at  7510  m.  /sec.  from  a  cylinder  of 
pentoltte;  (e)  the  simultaneous  detonation  of  2 
pentolite  cylinders  showing  the  region  cl  Mach 
Interaction  between  the  2  expanding  cones  of  ex¬ 
plosive  products;  (f)  the  slmultaneoua  detonation 


257 


SECRET 


SECRET 


SHAPED  CHARGES 


of  a  cylindrical  pentolite  charge  from  both  eiu??; 

(g)  the  underwater  detonation  of  prlmacorif;  01  the 
detonation  of  a  small  pentollte  charge  on  the  top 
face  of  a  slab  of  Plexiglas  6  x  6  x  1. 25  In. ;  (1)  uie 
detonation  of  a  pentoL'e  cylinder  laid  horizontally 
oa  the  upper  face  of  a  piece  of  Plexiglas;  (j)  the 
perforation  of  a  0.  5-in.  steel  plate  by  a  metal  Jet; 
(1:)  a  metal  Jet  perforating  water;  (1)  a  metal  Jet 
penetrating  Plexiglas;  (m)  a  metal  jet  perforating 
a  glass  plate  1. 25  In.  thicli  after  perforating  a. 

■  1. 25-ln.  slab  of  Plexiglas  separated  by  a  0. 5-ln. 
air  space  from  the  glass;  (n)  a  jet  penetrating  a 
glass  plate  at  an  angle  of  Incidence  of  20°. 

Redstone  Arsenal  see  Ordnance  Missile  Laboratories 
Technical  and  Engineering  Division 


L149B 

Relchsmlnister  fur  Rllstung  und  Kriegsproduktlon, 
Berlln-Charlotlenburg. 

MEETING  ON  APR.  18,  1944  AT  PROVING 
GROUNDS  HEADQUARTERS  (Besprechung  am 
18.4. 1944  hei  Wa  Prfif  Stab),  by  Heydenrelch. 

Apr.  2S,  i944,  lip.  Incl.  dlagrs.  (OTIB  rept. 
no.  1249,  AOO-7  -  In  German)  Unclassified 

The  meeting  was  held  to  discuss  electric  fuzes 
for  shaped  charge  shells  Including  current  supply 
and  electric  primers.  The  following  tactical 
requirements  for  hollow  charges  were  also  con¬ 
sidered:  (1)  deep  penetration;  (2)  safety;  {3)  no 
charging  before  firing;  (4)  not  too  sensitive  Impact 
fuze;  (5)  response  at  high  angles  of  obliquity; 

<o)  high  muzzle  velocity;  and  (7)  maximum  possible 
Initial  velocity.  In  addition,  plans  for  future  de¬ 
velopment  were  mentioned. 


L1499 

Relchsmlzisisr  fur  Eli  stung  und  Krlegsproduktlon 
Munltionskommleslon,  Berlin. 

MEMORANDUM  FOR  H.  D.  L.  SAUR  (Akten- 
vermerlr  liir  H.  D.  L.  Saur),  by  Wagner,  Nov.  29, 
1944,  2p.  (Mk-Nr.  1178/44  g.  Kb.;  OTIB  rept. 
no.  1249,  Misc.-2  -  In  German)  Unclassified 

Extensive  experiments  were  made  with  Beethoven 
and  SHL  500  and  SHL  1000  shaped  charge  bombs. 
Beethoven  devices  with  shaped  charges,  180  cm. 
in  diaceier  and  containing  5000  kg.  of  explosive, 
were  used  against  ship  targets  and  ground  fortifi¬ 
cations.  TWelvp  Beethovens  destroyed  2  battle¬ 
ships  a.id  4  large  transport  ships  by  direct  hits. 
The  use  of  these  bombs  also  proved  successful 
against  ground  targets  during  the  Invasion  In 
Holland.  SHL  500  and  SHL  1000  shaped  charge 
bombs  were  used  against  light  ship  targetB.  The 
SHL  5CC,  05  cm.  in  Jiameter,  successfully  pene¬ 
trated  the  hull  of  a  ship.  Mention  Is  made  of  the 
development  of  new  shaped  charges,  and  of  the 
improvement  of  penetration  of  existing  devices 
(shaped  charges  with  flanges  [apparently  with 
flanged  liners]). 


L1500 

Research  and  Experiments  Department,  Mlnlstry.pf 
Home  Security  (Gt.  Brit.).  :: 

SPARK  PHOTOGRAPHS  OF  THE  MACH  EFFECT 
B'Y  COLONEL  PAUL  L1BESSART,  WITH  A 
COMMENTARY  BY  DR.  J.  BRONOWSICt,  by ' 

P.  Libessart.  May,  1944,  23p.  IncL  Ulus.  (Rept, 
no.  R.  C.  417;  AC  0569,  Tune  23,  1044;  Phys/Ea 
509;  OSRD  Liaison  Office  WA-2345-G) 

Confidential 

Photographs  are  shown  of  Mach  configurations  from 
exploded  detonators.  All  the  photograplis  are  posi¬ 
tive  prints  taken  with  apparatus  that  fired  1  or 
mors  sparks  (up  to  4  la  succession),  the  light  from 
which  foil. directly  on  a  photographic  niaie  15  in.  s 
12  in.  The  experiment  was  set  up  between  the 
spark  and  tiie  photographic  plate,  so  that  the  ob¬ 
jects  in  tli  e  experiment  recorded  their  shadqws  on 
the  plate.  For  the  photographs  taken  In  air,  the 
distance  between  spark  and  plate  was  generally 
6.  5  m.;  for  water  the  distance  was  1  m. 

1<1501  "  '  :  ’•  • 

Research  Department,  Woolwich,  Eng. 

•’CAVITY  EFFECT"  OF  EXPLOSIVES.  A  SUM¬ 
MARY  OF  ITS  HISTORY  AND  SERVICE  USES. 
Sept.  1941,  l4p.  (RD  Woolwich,  S.E.  10; 

(00. 350.  05/1205);  CSRD  Liaison  Oilice  WA-76-5) 

Confidential 

(See  Item  no,  L30.) 


LI  502 

Research  Department,  Woolwich,  Eng. 

EXPERIMENTAL  STUDY  OF  THE  MUNROE 
EFFECT.  VELOCITY  OF  JETS  PRODUCED  BY- 
CYLINDRICAL  CHARGES  WITH  LINED  AND 
UNLINED  HOLLOW  BASES,  by  P.  Bessent  and  - 
W.  M.  Evans.  Mar.  1942,  lip.  incl.  graphs, 
dlagrs.  (KD  Explosives  rept.  no.  67/42;  OSRD 
Liaison  Office  H-5-3412)  Secret  • 

The  study  of  the  velocities  of  Jets  from  lined  and 
Vjnlined  Bhaped  charges  showed  that  the  velocity 
cf  the  jet  front  for  the  unllned  charge,  at  3  let. 
from  the  base,  was  nearly  double  that  for  the 
fastest  lined  charge.  The  velocity  of  the  Jei  front 
wa3  greater  for  a  thin  than  for  a  thick  liner.  The 
velocity  was  smaller  for  a  steel  liner  than  for  a 
Sn  liner  of  similar  dimensions.  Curves  are  drawn 
to  illustrate  test  results. 

LI  503 

Research  Department,  Woolwich,  Eng.- 

MUNROE  EFFECT  -  APPLICATION  TO  UNDER¬ 
WATER  CHARGES,  by  A.  R.  Ubbelohrte.  Mar. 
1942,  3p.  dlagrs.  (RD  Explosives  repL  no.  73/42) 

Secret 

Tests  were  made  lo  determine  suitable  conditions 
for  the  application  ol  the  Munroe  effect  to  the 
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attack  o!  underwater  targets.  The  target  con¬ 
sisted  of  ari  0. 75-la.  mild  steel  plate  soldered  to 
a  -teei  air  chamber  which  was  completely  sub¬ 
merged  in  water.  A  Pb  block  inside  the  chamber 
served  to  catch  scabs  and  to  record  any  blast 
effects  11  the  steel  plate  was  punctured  by  the 
explosion.  One  In.  and  2-in.  diameter  charges  ol 
I*K  contained  in  cylindrical  steel  tuning  and  having 
hollowed  metal-lined  bases  were  used.  Initiation 
was  effected  by  a  no.  8  Brlska  detonator  em¬ 
bedded  in  plast'cfne  at  the  end  remote  from  Hie 
cavity.  It  was  found  that  charges  with  hollow 
bases  lined  with  metals  of  low  boiling  point  were 
capable  of  perforating  steel  target  plates  under 
water  and  producing  appreciable  blast  damage 
after  perforation.  For  the  maximum  effect  to  be 
ebtiined,  air  gsp  must  hu  provided  between 
the  water  and  the° metal  cavity  liner.  For  a  2-ln. 
diameter  charge  with  Pb  liner,  satisfactory  re¬ 
sults  through  G.  5  In.  of  water  were  obtained  with 
a  4.5-in.  air  gap.  When  the  distance  through  the 
water  was  Increased  to  8  in. ,  a  marked  reduction 
of  effeci  was  observed. 


LI  504 


Research  Department,  Woolwich,  Eng. 

CAVITY  CHARGE  WITH  SUBSIDIARY  FOLLOW- 
THROUGH  SOLID  OR  EXPLOSIVE  PROJEC¬ 
TILE,  by  H.  L.  Porter  and  W,  M.  Evans.  Aug. 
1942,'  4p.  lncl.  dlagr.  (RD  Explosives  rept.. 
no.  234/42;  OSRD  Liaison  Office  Ii-5-3454) 

*  Crw*f  n4 


The  Investigation  was  concerned  with  the  develop¬ 
ment  of  a  Ehaped  charge  weapon  of  low  intrinsic 
penetrating  power  which  would  produce  a  hole  In 
armor  or  concrete,  and  then  propel  a  subsidiary 
solid  or  explosive  projectile  through  the  bole 
made  in  the  target.  A  layer  of  plasticine  was 
Interposed  between  the  explosive  charge  and  the 
follow-through  projectile  to  prevent  damage  to  the 
latter  by  reducing  the  effect  of  shock.  Using  a 
1. 75-in.  charge  with  the  cavity  disc  3  in.  from 
a  1-ln.  mild  steel  plate,  a  hole  1  in.  in  diameter 
was  made  ir.  the  plate  and  a  subsidiary  solid  pro¬ 
jectile  0.8  in.  In  diameter  passed  through  the 
hole  lr.  the  plate  and  penetrated  about  8  in.  into 
sand.  Other  teat  results  are  indicated. 


L1S05 

Research  Department,  Woolwich,  Eng. 

CIRCUMFERENTIAL  INITIATION  OF  LARGE  HC 
BOMBS.  Sept.  1942,  7p.  lncl.  graphs,  diagro. 
(RD  Explosives  rept.  no.  265/42;  AC  2668. 

Sept.  7,  1042;  SC.  4/27;  SD.  119;  OSRD  Liaison 
Office  WA-259-60)  Secret. 


large  diameter  bombs  with  certain  flUings,  such 
as  (0/40  Amatol,  were  designed  to  ensure  com¬ 
plete  detonation  of  the  outer  layers.  A  proposed 
design  Is  shown  in  which  the  initiation  :rom  a  nose 
exploder  Is  diverted  bv  a  layer  of  Inert  material 
so  that  detonation  of  the  main  filling  commences 
at  the  outer  layers. 


L150G 

Research  Department.  Woolwich,  Eng. 

GERMAN  7.5-CM.  HOLLOW  CHARGE  SHELL 
FOR  THE  7.5-CM.  (KW.10  TANS  GUN.  Sept. 
1942,  2p.  Ulus.  (RD  Metallurgical  rept  uo. 
584/42-  OSRD  Liaison  Office  E-5-3002E) 

Confidential 


Results  are  presented  of  a  metallurgical  examina¬ 
tion  made  ol  ths  emptied  shell  body  (without  fuse). 


L1507  -  •  .  ' 

Research  Department,  Wootwlch,  Eng. 

METALLURGICAL  EXAMINATION  OF  GERMAN 
HOLLOW  CHARGE  GRENADE.  Oct.  1942.  ?P- 
illus.  (RD  Metallurgical  rent.  no.  643/42) 

Secret 

Results  of  a  metallurgical  examination  of  tho 
emptied  grenade  (recovered  in  the  Middle  East) 
are  reported. 


LI  SOS  •  i  .i  • 

RheinmetaU-Borsig  A.  G. ,  Werk  UnterlSsa.  •  • 

SPARK  KtHEMATOGRAPHY  AND  ITS  APPLICA¬ 
TION  Ik  BALLISTIC  MEASUREMENTS,  by 
X.  K.  Schluter.  Aug.  14,  1945.  (Trans,  as  - 
rept.  no.  BIOS/Gp.  2/HEC  10780,  31p.  incL  iiagra.; 
Inclosure  1  to  MA  London  repL  no.  4339-47) 

Unclassified 

Topics  discussed  Include  the  purpose  of  spark 
kinematography,  historical  development  ol  spark 
kiaematography,  setup  for  fclnematography  on 
stationary  film,  various  kinds  of  sources  of  IHn- 
miiintion,  Sclilleren  methods,  front  light  photo¬ 
graphs  by  means  of  the  Kerr  cell  shutter,  ballistic 
applications,  and  the  limits  cf  Ulnematography^cn 
stationary  film.  The  application  of  this  type  ol 
photography  to  shaped  charges  la  mentioned 
briefly,  -and  a  number  of  possible  uses  are 
Indicated.  ■  '  •  • 

1  s' 


L1509 

Riggs  and  Jeffries,  Inc.  (OEMsr-1349). 

A  SUMMARIZING  REPORT  ON  PROJECT  CASEY 
JONES.  b7  W.  H.  Crew  and  3.  P.  Shackleton. 

Sept.  1,  1045,  lv.  IncL  illus.  (Appendix  to  final 
rept.  on  Contract  OEMsr-1349;  Final  rept.  on 
Contract  OEMsr-1215)  (In  cooperation  with 
Federal  Telephone  and  Radio  Corp. ,  Contract 
OEMsr-1215)  Confidential 

Parts  IV  and  V  deal  with  the  Fountain  Charge,  a 
2  5-lb  chn— ud  charge  with  an  80°,  4-in.  liner  for 
con^aled  aUack  against  rail  transportation.  Both 
electrical  and  mechanical  Initiation  are  described. 
—  -  - - -  --j  nf  th£  chartre  aro 

reported  in  detail. 
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L1510 

Rinehart,  J.  S.  - 

SOME  EXPERIMENTAL  INDICATIONS  OF  THE 
STRESSES  PRODUCED  IN  A  BODY  BY  AN 
EXPLODING  CHARGE.  Journal  of  Applied 
Physics,  v.  22,  Sept.  1051:  1170-1181.  : 

Small  cylindrical  charges  of  Comp.  C3  -were 
detonated  on  the  surfaces  of  heavy  steeL  plates 
2  fn,  thick  and  5  In.  in  diameter  and  the  resulting 
craters  were  examined.  The  crater  shape  was 
.substantially  the  same  in  all  cases,  being  conical 
with  nearly  straight  sides.  This  crater  shape  ■ 
is  not  the  type  that  a  high  velocity  missile  produces 
on  striking  a  steel  plate  or  the  kind  that  a  rock 
makes  when  thrown  Into  mud.  A  summary  of  the 
measurements  made  on  the  craters  and  highly 
worked  region  follows: 


1 

n 

ni 

r/ 

V 

VI 

0.5 

0.059 

152.0 

0.157 

0.002 

0.032 

1.0 

0.138 

150.0 

0.253 

0.073 

0.231 

1.5 

0.216 

159.0 

0. 334 

0.162 

0.781 

2.0 

0.276 

161.5 

0.394 

0.510 

1.67 

1= Charge  diam.  (in.);  n  =  Crater  depth  (In.); 

HI  =  Crater  cone  angle  (°);  IV=Thickness  of  highly 
worked  region  (in.);  V=Cra-er  vol.  (cu.  in.); 
VInVoL  of  highly  worked  region  (cu.  in.) 

The  data  show  that  with  increasing  charge  diameter, 
the  cone  angle  and  crater  depth  both  Increase. 
Apparently  the  crater  shape  reflects  the  pressure 
distribution  that  existed  at  the  surface  of  the  tar¬ 
get  plate.  In  forming  the  craters,  the  target  metal 
moved  in  the  direction  of  the  application  of  the 
pressure.  Only  near  the  crater  edges  did  ap¬ 
preciable  lateral  motlcn  occur.  Scabbing  or  spal¬ 
ling  lock  place  in  2  cases. 

L1511  ' 

Road  Research  Laboratory,  Department  ol  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

GOME  PRELIMINARY  TESTS  ON  A  METHOD 
OF  OBTAINING  DIRECTIONALLY  CONTROLLED 
FRAGMENTATION.  n.d. ,  4p.  inch  table,  dlagr. 
((Note  no.  MOS/54/C-BT];  AC  1700,  Feb.  17,  1942; 
Phys/Ex.  226;  OSRD  Liaison  Office  W-170-63  and 
W-13G-13)  Confidently. 

Tests  were  m?He  to  determine  whether  it  would 
be  possible  to  design  a  bomb  giving  fragmentation 
directed  In  a  certain  confined  region.  Shaped 
charges  were  used  with  50  0.25-in.  steel  Rniln 
lightly  pressed  Into  the  base  of  the  charge. 

L1512 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

RESISTANCE  OF  CONCRETE  TO  SHAPED 
CHARGES  (MUNROE  EFFECT).  Nov.  1041,  4p. 
incl.  Ulus,  dlagr.  (Note  no.  JD/5/FNS;  AC  1525, 
Dec.  26,  1941;  Phys/Ex.  205;  OSRD  Liaison 
Office  W-125-54)  Confidential 


Tests  were  made  on  reinforced  concrete  with  : 
shaped  charges  of  various  explosives. 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.).  . 

1ST  INTERIM  REPORT  ON  DEMOLITION 
OF  GERMAN  PILLBOXES.  PRELIMINARY  EX¬ 
PERIMENTS.  Dec.  1041,  3p.  Ulus,  diagva. 

(Note  co.  MOS/49/FNS;  OSRD  Liaison  Office 
H-5-3195:  AC  1704,  Feb.  16,  1942;  Phys/Ex.  323; 
OSRD  Liaison  Office  W-202-2)  Confidential 

Contact  explosives  and  shaped  charges  were  used 
to  determine  the  best  method  to  attack  massive 
reinforced  concrete  German  pillboxes  havhi"  a 
minimum  wall  thickness  of  5  ft.  Shaped  charges 
were  found  to  be  more  efficient.  ■  ...  , 

'■  .  a)  ;.!:a 

L1514 

Road  Research  Laboratory,  Department  of  Scientific 
and  industrial  Research  (Gt.  Bril.). 

2ND  INTERIM  REPORT  ON  DEMOLITION  OF  ■ 
GERMAN  PILLBOXES.  THE  EFFECT  OF  ! 
DIFFERENT  KINDS  OF  EXPLOSIVES  USING 
SHAPED  CHARGES.  (Feb.  1942],  2p.  table,  •  ' 
dlagr.  {[Note  no.  MOS/55/FNS];  AC  1705,  Feb.  16 
1942;  Phys/Ex.  224;  OSRD  Liaison  Office  ... 
W-155-10)  Confidential 

TNT.  TNT-RDX,  PE  (primed),  Lyddite,  808  ' ' 
Gelignite,  60/40  Amatol,  and  Polar  Ammon 
Gelignite  produced  penetrations  in  lhat  order  of 
decreasing  depth.  The  specimens  were  tested  on 
the  flcor  of  an  unlined  pit  in  the  ground,  about  ' 

5  ft.  deep  and  4  ft,  square. 

L1515  '.v-- 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

3RD  IN  i  BRIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  THE  EFFECT  OF  THE 
THICKNESS  OF  THE  CONE  LINING  IN  SHAPED 
Charges.  [Feb.  1S42],  2p.  table,  diagr.  ([Note 
no,  MCS/56/FNS];  AC  1706,  Feb.  16,  1942;  . 

Phys/Ex.  225;  OSRD  Liaison  Office  W-156-11) 

Confidential 


Tests  were  made  with  shaped  charges  of  TNT  to 
determine  the  effect  of  varying  the  thickness  of  -• 
the  brass  liner  on  the  damage  sustained  by  rein-  ' 
forced  concrete. 

\  •  .  v  , 

L151G  -  >■  '  ’•  s.  .-Vi-Nv! 


Road  Research  Laboratory,  Department  of  Scientific 
.  and  Industrial  Research  (Gt.  Brit.). 

4TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  FULL-SCALE  TEST  ON 
A  PILLROX  AT  EGV1NGTON.  Feb.  1942,  7p. 
Incl.  illus.  diagrs.  (Note  no.  MOS/63/FNS; 

AC  1740,  Feb.  25,  1942;  Phyo/Ex.  230;  OSRD 
Liaison  Office  W-187-1)  Conildential 

The  test  was  made  with  a  charge  containing  74.  5  lb. 
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of  plastic  RE  supported  horizontally  at  a  fixed 
distance  from  the  face  of  a  reinforced  concrete  wall 
S  fi.  thick.  The  concrete  was  completely  perforated 
by  the  explosion.  Attempts  to  measure  the  blast  at 
•various  points  were  unsuccessful  due  to  the  excess 
debris. 

L1517  •  v\ .  "  V 

RSad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

5TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  GENERAL  CONSIDERA¬ 
TIONS  OF  DESIGN  OF  HOLLOW -CONED  CHARGES. 
Mar.  1S42,  3p.  (Note  no.  MOS/71/FN5;  AC1B77, 
Mar.  23,  1942;  Phys/Ex.  244;  OSRD  Liaison 
Office  W-319-43)  Confidential 

Available  Information  on  the  use  (A  shaped  charges 
against  reinforced  concrete  is  summarized,  and 
a  table  prepared  giving  the  more  important  dimen¬ 
sions  far  various  charge  sizes. 

L1518 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

6TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  FURTHER.  FULL-SCALE 
TESTS  WITH  HOLLOW-CONED  CHARGES. 

Mar.  1942,  13p.  incl.  illus.  tables,  dlagrs.  (Note 
no.  KOS/80/FNS.  RJ;  AC  1978,  Apr.  20,  1942: 
Phys/Ex.  259;  OSRD  Liaison  Office  W-252-35) 

Confidential 


An  investigation  was  made  of  shaped  charges  ;  • 
against  reinforced  concrete  to  determine  the 
effects  of:  placing  the  charge  at  an  angle  to  the 
normal,  varying  the  ratio  of  the  length  of  the 
charge  to  its  diameter,  using  composite  explosive 
charges,  and  varying  the  qualtty  rf  the  concrete. 

'  .  .  i ''r 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.), 

9TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  FURTHER  TESTS  WITH 
COMPOSITE  CHARGES.  July  1942,  4p.  incl. 
dlagrs.  (Note  no.  MOS/116/JH;  AC  2453,  July 29, 
1942;  Phys/Ex.  301;  CSRD  Liaison  Office 
WA-25D-29)  Confidential 

Tests  were  made  to  examine  the  possibility  of  en¬ 
hancing  the  performance  of  shaped  charges  by  suit¬ 
ably  arranging  the  relative-dispositions  and  shapes  ‘ 
of  2  or  3  explosives  In  the  same  case.  ■ 

L1522 

Road  Research  Laboiatory,  Department  of  Scientific 
and  Industrial  Research  {Gt.  Brit.). 

10TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  THE  USS  OF  HOLLOW- 
CONED  CHARGES  ON  THE  CONCRETE  APRON. ' 
Juiy  1942,  4p.  IncL  dlagrs.  (Note no.  MOS/120/FNS; 
AC  2541,  Aug.  IB,  1942;  Phvs/Ex.  293;  OSRD 
Liaison  Office  WA-259-28)  Confidential 


Tests  were  made  with  shaped  charges  containing 
20  lb.  of  explosive  for  attacking  the  armor  plate, 
and  40  ar.d  75  lb.  of  explosive  for  attacking  the 
sides  of  the  pillbox. 

L151D 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

7TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  THE  EFFECT  OF  THE 
VERTICAL  ANGLE  OF  THE  CONE  ON  HOLLOW- 
CONED  CHARGES.  Apr.  5942,  4p.  IncL  table, 
diagr.  (Note  no.  M05/83/FNS;  AC  2010,  Anr.  29, 
1942;  Phys/Ex.  264;  OSRD  Liaison  Office  W-252-29) 

Confidential 

Tests  were  made  with  charges  of  TNT  and  PE  H> 
determine  the  effect  on  reinforced  cc-Rcreta  cl 
varying  the  vertical  angle  of  the  liner.  The  iinero 
were  1/16  in.  thick  and  5  oz.  of  explosive  were 
used. 


L1520 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). . 

0TK  INTERIM  FvEPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  INCIDENTAL  TESTS. 
Apr.  1542,  3p.  dlagrs.  (Note  no.  MOS/9S/FNS; 
AC  2039,  May  15,  1942;  Phys/Ex.  270;  OSRD 
Liaison  Office  WA-272-13)  Confidential 


A  shaped  charge  containing  104  lb.  of  PE  waa 
detonated  just  above  floor  level  od  the  outside  of 
the  concrete  apron  surrounding  the  bottom  part 
of  the  pillbox.  The  charge  demolished  most  of  the 
39  f.i.  thick  apron  on  the  face  attacked,  bored  a 
hole  through  the  5-ft.  thick  reinforced  concrete 
wall  behind  the  apron,  and  scattered  a  largo 
quantity  ol  uebris  over  the  pillbox  floor,. . . 


Road  Research  Laboratory,  Department  of  Scientific 
and  industrial  Research  (Gt.  Brit.). 

11TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILLBOXES.  THE  EFFECT  ON  PER¬ 
SONNEL  OF  ATTACK  BY  MEANS  OF  HOLLOW- 
CONED  CHARGES.  Sept.  1942,  4p.  dlagrs. 

(Note  no.  MOS/144/FNS;  OSRD  Liaison  Office 
□-5-3192)  .  .  Secret 

A  shaped  charge  containing  78. 5  lb,  of  PE  wao 
detonated  on  the  outside  of  a  pillbox  wall  to  test 
the  effects  on  a  dummy  man  and  live  rabbits.  The 
displacements  to  which  the  dummy  was  subjected 
were  recorded  by  an  inertia  based  displacement 
meter  attached  to  the  back  of  the  dummy  and  at 
Its  c.  g.jthe  blast  pressures  were  recorded  by 
piezo-quartz  blast  gauges  attached  to  the  knees  and 
chest.  The  main  conclusion  readied  was  that  the 
effects  at  blast  pressure,  bodily  displacement,  and 
noxious  fumes  would  not  in  themselves  be  lethal 
although  they  may  be  injurious. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Researcr  (Gi.  Brit.). 

12'IH  INTERIM  REPORT  ON  DEMOLITION  OP 
GERMAN  PILLBOXES.  FURTHER  INCIDENTAL 
TESTS.  OcL  1912,  3p.  lncl.  dlagrs.  (Note  no. 
MOS/160/FNS;  AC  3067,  Ncv.  24,  IS42;  Phys/Es. 
-~r  GSRH  Liaison  Cilice  WA-498-17) 

Confidential 

Teats  vrers  made  to  determine  the  cffecUveness  of 
different  liner  materials  and  to  compare  rough  and 
machined  castings  li  liners.  The  5-lb.  charges 
were  applied  to  the  walls  ol  reinforced  concrete 
pillboxes.  Results  showed  that:  (1)  a  machined 
llnor  was  superior  to  an  unmachlned  liner  (tested 
in  Mn  bronze);  (2)  brass  was  superior  to  Mn  bronze 
(teoted  with  cast  liners);  and  (1)  malleable  cast 
Pe  was  inferior  to  Mn  bronze  (tested  with  .nuchlned 
liners).  It  was  noted  that  a  combination  ol  PE 
covering  Ihe  lir.er  backed  by  Ammonal  ga  re  a  per- 
.  fovmance  approximately  equal  to  that  of  FE  alone. 


nesting  Beehive  In  which  the  parts  could  be  nested 
together  for  packing  and  transport.  Pb  cavity  liners 
gave  about  30%  lower  penetration  than  steel,  brass, 
or  Mn-bronze  llnora. 

LI 527  ‘  -  ■ 

Hoad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  CrlL).. 

1ST  INTERIM  REPORT  OH  THE  DEMOLITION  OF 
GERMAN  PILLBOXES.  DEMOLITION  OF  A . 
CAPTURED  PILLBOX.  Aug.  1D43,  Up.  inch 
lllus.  (Note  no.  MCS/251/JH;  AC  4823,  Sopt.  27, 
1043;  C.42;  OSRD  Liaison  Of  lice  WA- 144 1-5) 

Secret 

Demolition  of  pillboxes  was  investigated  by  using 
•shaped  charges  followed  by  borehole  charges, 
mining  charges,  and  concussion  charges  of 
Ammonal.  Use  ol  Ihe  shaped  charge  resulted  bi 
no  saving  ol  explosive  and  in  more  difficult  firing 
conditions;  they  were  r.ot  recommended. 

L152B 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

I3TH  INTERIM  REPORT  ON  DEMOLITION  OF 
GERMAN  PILL30XES.  THE  USE  OF  GLASS  FOR 
CAVITi  LININGS.  Mar.  1543,  4p.  lncl.  dlagr. 
(Note  no.  MOS/2G7/JH;  AC  3711,  Mar.  23,  1943; 
SC.  14;  OSRD  Liaison  Office  WA-571-4) 

Confidential 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

1ST  INTERIM  REPORT  ON  DEMOLITION  OF 
HOADS.  EFFECT  OF  DETONATING  SPE-: 
CIALLY  SHAPED  CHARGES  ON  A  CONCRETE 
ROAD.  Dec.  1941,  lp.  dlagrs.  (Note  no. 
MOS/50/RFM;  AC  1595,  Jan.  14,  1042;  Phye/Ex. 
217;  OSRD  Liaison  Office  WA-580-17c  and  ■ 
W-144-26)  Confidential 


Experiments  were  made  In  which  reinforced  con¬ 
crete  blocks  were  attacked  by  shaped  charges  of 
PE  with  hemispherical,  partially  spherical,  and 
conical  liners  of  commercial  PLi,  Sb-Pii,  or  glass. 
The  penetration  produced  In  concrete  by  the  com¬ 
mercial  Pb  liners  and  the  Sb-Pb  liners  was  about 
70%  of  that  produced  by  steel,  brass,  or  Mn- 
bronze  liners.  Sh-Pb  appeared  to  give  deeper  pene¬ 
tration  than  the  Pb  finer.  Glass  liners  of  60°  apex 
angle,  and  of  double  tne  normal  thickness,  gave 
about  75%  penetration  of  corresponding  hard  petal 
liners  of  normal  thickness. 

LI  520  • 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

14TH  AND  FINAL  REPORT  ON  THE  NEUTRALI¬ 
ZATION  OF  REINFORCED  CONCRETE  PILL¬ 
BOXES.  Apr.  IS43,  8p.  tact,  dlagrs.  (Note  no. 
MOS/22I/FNS;  Inclosure  1  to  MA  London  no. 
rept.  59777;  AC  3331,  Apr.  23,  1943;  Fhys/Ex.  416; 
SC. 29;  OSRD  Liaison  Office  1VA-693-12) 

Confidential 


Tests  made  to  determine  the  amount  and  method 
of  application  of  a  single  explosive  charge  to 
neutralize  an  occupied  pillbox  showed  that  a  simple 
contact  charge  was  too  big  to  be  practicable,  but 
that  a  shaped  charge  containing  75  lb.  ol  explosive  " 
applied  to  the  outside  of  a  wall  would  perforate  the 
wall  and  probably  kiU  or  injure  the  inhabitants. 
Methods  ol  making  a  75-lb.  charge  included  a  * 


Tests  conducted  on  a  concrete  road  surface  showed 
thpiby  using  shaped  5- lb.  explosive  charges  of 
Nobel's  008  Gelignite,  a  hole  could  be  made  through 
both  the  concrete  surfaces  and  Into  the  gravel  sub¬ 
soil.  When  3xharge3  were  detonated  successively 
at  the  same  point  In  the  road,  the  hole  was  in¬ 


creased  from  1.  5  It.  (from  the  first 
0ft 


charge)  to 


L1520 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.),  • 

2ND  INTERIM  REPORT  ON  DEMOLITION  OF 
ROADS.  MODEL  (1:5  SCALE)  TESTS  WITH 
HOLLOW-CONED  CHARGES  ON  TYPICAL  ROAD 
SURFACES  LAID  ON  VARIOUS  SUBGRADES. 

OcL  1942,  lOp.  lncl.  Ulus,  dlagrs.  (Note  no. 
MOS/158/FNS;  OSnD  Liaison  Offtco  II-5-4083) 

Confidential 

Shaped  charges  containing  1-oz.  ol  PE  were 
equivalent  to  full  size  charges  of  7. 8  lb.  of  ex¬ 
plosive.  These  cliarges  were  fired  against  1:5 
scale  surfaces  of  plain  concrete,  retnlorced  con¬ 
crete,  wood  blocks  and  tar-macadam  on  pitch. 
These  were  laid  cn  oubgrades  of  loose  sand,  clay 
brickearth,  gravel  and  alluvial  soil.  Resulto  ’ 
showed  satisfactory  perforation  cf  the  surfaces  In 
all  casc3  except  for  tar -macadam  on  pitch. 
Satisfactory  penetration  Into  the  subgradc  was 
obtained  In  aU  cases  except  Into  gravel  which  wan 
penetrated  to  a  depth  of  about  70%  oi  tint  into 
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other  subgrade  types.  Tho  use  o!  steel  screening 
platen  did  not  improve  tho  performance  on  tar- 
^macadam.  After  repented  charges  at  the  earao 
paint,  the  diameter  of  tins  hole  in  tho  subgrado 
was  generally  greater  than  that  in  the  surface.  It 
Via  concluded  that  there  would  be  no  appreciable 
Increase  In  depth  when  nuch  charges  were  suc¬ 
cessively  tired  at  tho  oamo  point, 

LI  330  . 


LI  553 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brlt.J. 

4TH  AND  FINAL  REFORT  ON  DEMOLITION 
TESTS  ON  CONCRETE  BRIDGE  PIERS.  TUR. 
THER  FULL-SCALE  TESTS.  Aug.  1942,  3p. 
inch  lllus.  dlagrs.  (Note  no.  MOS/134/FN3; 

AC  2022;  Phys/Ex.  312;  C3RD  Llalcon  Olftco  ' 
WA-300-17  and  WA-271-27)  Cenfldenttol 


Roud  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

DEMOLITION  TESTS  ON  MODEL  CONCRETE 
BRIDGE  PIERS.  Feb.  1912,  3p.  Ulus,  dlagro. 
(Hate  no.  MCS/09/RFM;  AC  1878,  Mar,  23,  iC42; 
Phys/Ex.  243;  OSRD  Liaison  Office  W-212-6) 

Confidential 

One-tenth  scale  models  of  a  concrete  bridge  pier, 
8  ft.  In  diameter,  were  tented  with  explosives  to 
determine  t (it?  best  method  of  demolition.  The  2 
best  demolition  methods  nrc  (1)  by  using  a  shaped 
charge  to  drill  a  hole,  which  is  subsequently  filled 
with  explosive  and  detonated;  and  (2)  by  detonating 
2E0  lb.  of  guncotton  In  the  form  of  a  sausage  tied 
around  the  center  of  the  pier  and  reaching  ap¬ 
proximately  half  its  circumference. 


L1531 

Road  Research  Laboratory,  Department  cf  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

2ND  REPORT  ON  DEMOLITION  TESTS  ON 
CONCRETE  BRIDGE  PIERS.  USE  OF  HOLLOW- 
CONED  CHARGE,  Apr.  1542,  5p.  Inch  lllus, 
dlagrm  (Note  no.  MOS/H2/KNS;  AC  1579,  Apr.  20, 
1042;  Phys/Ex.  260;  OSRD  Liaison  Office 
W-252-36)  Confidential 


Shaped  charges  containing  20  lb.  of  PE  were 
placed  in  holes  bored  on  opposite  sides  of  a  fall 
size  bridge  pier  5  It.  In  diameter.  The  holes  wero 
inclined  downwards  at  an  angle  ol  about  20”,  1 
being  near  Uie  bottom  and  Lhe  other  near  the  top 
of  the  pier.  The  resulting  holes  were  filled  with 
4-cz.  cartridges  of  Nobel’s  808  Gelignite.  The 
pier  was  completely  demolished.  A  shaped  charge 
containing  40  lb.  of  PE  wa6  found  to  give  loo  much 
general  damage. 


L1534  . ,  x  •  r  ■ 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.) 

1ST  INTERIM  REPORT  ON  EFFECT  OF  CONED 
CHARGES  ON  SUNDRY  MATERIALS.  THE  USE 
OF  SUCCESSIVE  CHARGES  ON  REINFORCED 
CONCRETE.  Feb.  1942,  2p.  (Note  ism 
M03/G6/FN3;  AC  1810,  Mar.  12,  lG42;Pbys/Er. 
238;  OSRD  Liaison  Office  W-187-9)  Confidential 

Tests  were  made  with  charges  containing  5  lb.  ol 
75/25  TNT/PETN  to  determine  the  effect  of  deto¬ 
nating  successive  charges  at  the  came  point  on  tho 
face  of  a  reinforced  concrete  target.  No  material 
Increase  to  depth  was  secured  after  detonation 
of  the  second  charge. 
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A  charge  containing  40. 25  lb.  of  PE  was  tested 
against  a  concrete  bridge  pier  5  ft.  to  diameter 
end  encased  to  a  sheil  of  mild  steel  plate  0. 25  to, 
thick. 


LI  632 

Rond  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.), 

3RD  REPORT  ON  DEMOLITION  TESTS  ON 
CONCRETE  BRIDGE  PIERS  -  FURTHER  MODEL 
TESTS.  May  1942,  8p.  inch  lllus.  dtagrs.  (Note 
no.  MO5/108/HFM;  AC  20118,  Aug.  24,  1942; 
Phys/Ex.  308;  OSRD  Llainon  Office  WA-299-B2) 

Confidential 

Two  methods  were  found  to  bo  satisfactory  for 
demolishing  a  concrete  bridge  pier.  One  method 
employed  1  shaped  charge  containing  40  lb.  of  ex¬ 
plosive  followed  by  detonating  approximately  CO  lb. 
of  explosive  to  the  hole  obtained;  the  ether  method 
used  2  shaped  charges  each  containing  20  lb.  of 
explosive  at  opposite  ends  o(  a  diameter.  The  2 
holes  produced  would  then  bo  packed  with  explosive 
for  the  second  stage  ol  the  demolition. 


Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

2ND  INTERIM  REPORT  ON  EFFECT  OF  HOL¬ 
LOW  CONED  CHARGES  ON  SUNDRY  MATERIALS 
TESTS  ON  DRICK  WALLS.  June  1942,  7p.  tocL 
illus.  (Note  no.  MOS/114/HFM)  Confidential 


Model  tests  were  made  on  brick  walls  (modeled  a o 
regards  general  dimensions)  to  determine  the 
possibility  of  using  shaped  charges  to  produce 
holes  for  subsequent  filling  with  explosive  for 
demolition  purposes.  Four  waUs  wera  prepared 
using  Staffordshire  blue  bricks  and  London  stock 
bricks,  1  of  each  kind  being  built  In  cement  mortar 
and  1  In  lime  mortar.  It  was  concluded  that  the 
relationship  between  size  of  wall  and  size  of  charge 
was  important.  Penetration  into  hard  bricks  might  bs 
only  haU  ol  that  into  solt  bricks.  While  the  type  of 
mortar  did  not  appear  to  influence  tho  penetration 
depth,  a  weak  mortar  allowed  greater  general 
damage  than  a  strong  mortar  especially  with  wallo 
which  were  small  In  relation  to  Urn  size  of  tho 
charge.  The  I1R»  *){  EUCCOSSlVS  chlU"*1*”  thg  '''"HQ 
point  enabled  the  hole  caused  by  tha  first  charge  to 
be  deepened,  but  it  was  not  known  how  many  such 
charges  ccruiu  be  successfully  applied. 
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Hoad  Research  Laboratory.  Department  ct  Scientific 
and  Industrial  Research  (Ct.  Brit.). 

3RD  INTERIM  REPORT  ON  EFFECT  OF  HOL¬ 
LOW  COt-IED  CHARGES  ON  SUNDRY  MATERI¬ 
ALS.  FULL-SCALE  TESTS  ON  BRICKWORK. 
Nov.  1942,  9p.  incl.  diagrs.  (Note  no. 
MOS/170/JH;  AC  3220,  Dec.  15,  1942;  Phya/Ex. 
364;  OSRD  Liaison  Office  WA-403-7) 

Confidential 

Full-scale  tests  were  made  on  a  massive  brick¬ 
work  bridge  pier  using  6.75-.  20-,  and  3D-lb. 
charges  for  producing  holes  which  would  be 
plugged  with  explosive  for  the  final  demolition. 


L1537  •'  .  ■  '  ■  " 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 
MEASUREMENTS  OF  THE  VELOCITY  OF  THE 
LUMINOUS  AXIAL  EXPANSION  THROUGH  TAR¬ 
GET  PLATES  FROM  BOMB  CS  (DR)  FIRED  ON 
2/5/42.  May  1942,  2p.  dlagr.  (Note  no. 
MOS/102/WJO3;  AC  2211,  June  12,  1942;  SC.  4. 8; 
OSRD  Liaison  Office  11-5-1948}  Secret 

This  bomb,  38  In.  In  diameter,  was  detonated 
statically  against  a  series  of  4  steel  plates  In¬ 
clined  at  an  angle  of  55°  to  the  axis  of  the  bomb. 
The  movement  of  the  spurt  through  the  plates  was 
recorded  photographically.  The  velocity  immedi¬ 
ately  before  reaching  the  second  plate  was  5,000 
ft.  /sec. ,  and  after  passing  through  this  plate  was 
4, 000  ft. /sec;  the  time  delay  in  passing  through 
this  plate  was  .  55  msec.  Alter  passing  through 
the  third  plate  (3/8  in.  thick)  the  velocity  was 
3,400  ft. /sec.  Immediately  before  reaching  the 
fourth  plate  the  velocity  was  3, 200  ft. /sec.  There 
was  no  evidence  of  fragments  moving  In  advance 
of  the  luminous  axial  spurt. 

L1538 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

1ST  INTERIM  REPORT  ON  THE  DEMOLITION 
OF  CONCRETE  BRIDGES.  PRELIMINARY 
TESTS.  June  1942,  lOp.  Incl.  Ulus,  dlagrs. 

(Note  no.  MOS/112/FNS)  Confidential 

Teats  were  made  on  thick  reinforced  concrete 
specimens  using  model  charges  having  tunnel 
shaped  brass  liners  on  the  inside  in  the  form  of 
a  "V".  This  charge  was  developed  to  cut  a  slot 
In  reinforced  concrete  surfaces  so  as  to  destroy 
the  continuity  of  the  steel  reinforcement.  Results 
showed  that  the  penetration  depth  of  the  slot  for  a 
given  weight  of  explosive  was  much  less  than  that 
of  the  hole  produced  by  a  conical  charge.  Best 
results  were  obtained  when:  (1)  the  apex  angle  of 
the  "V"  was  about  90°;  (2)  the  liner  thickness  was 
1/8  in.  for  an  8  oz.  charge  2  !r..  in  length; 

(3)  depth/width  ratio  for  a  given  length  was  about 
0.  53;  and  (4)  the  ratio  of  width  of  charge  to  its 


standoff  was  C.  In  full-scale  tests  on  a  rein-  • 
forced  concrete  ’*T"  beam,  the  charge  completely 
cut  through  2  layers  ol  reinforcing  bars  causing 
Ihe  beams  to  collapse.  :  ,  ■ 

L158B  ■  *  ••  ■'  :  :w 

\  . 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

2ND  INTERIM  REPORT  ON  DEMOLITION  OF  „ 
REINFORCED  CONCRETE  BRIDGES.  FULL- 
SCALE  TESTS  ON  T-BEAMS.  Oct.  1942,  7p. 
Incl.  illus.  dlagrs.  (Noie  no.  MOS/iCl/FNS; 

AC  3063,  Nov.  24.  T942;  Phys/Ex.  341;  OSRD 
Liaison  Office  WA-498-18)  Confidential 

Tests  were  made  to  determine  the  minimum 
quantity  of  explosive  required  to  deal  with  a  ,"T-’ 
beam  containing  2  layers  of  tension  reinforcement, 
and  to  examine  the  possibility  of  using  a  tunnel 
charge  to  cut  through  3  layers  of  tension  rein¬ 
forcement  with  bars  1. 25  in,  in  diameter.  Re¬ 
sults  show.ed  that  a  tunnel  charge  containing 

•  8.  8  lb.  of  PE/ft.  run  and  of  Ihe  same  length  as 

the  width  of  the  beam  completely  severed  all  the 
bars  In  the  bottom  laypr  and  2  of  the  5  bars  la. 
the  top  layer.  A  charge  containing  25  lb.  of 
PE/ft.  run  completely  severed  all  Ihe  bars  ex¬ 
cept  1  in  the  top  which  had  necked  badly.  '  *  - 

L1540 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (GL  Bril.). 

3RD  INTERIM  REPORT  ON  DEMOLITION  OF 
REINFORCED  CONCRETE  BRIDGES.  TEST  ON 
MODEL  REINFORCED  CONCRETE  ARCH 
BRIDGE,  Nov.  1942,  7p.  inch  illus.  dlagrs. 

(Note  no.  MOS/I68/FNS;  AC  3069,  N.iy.  24,  1942; 
Phys/Ex.  342;  CSRD  Liaison  Office  WA-498- 19) 

Secret 

A  demolition  test  was  made  on  a  1:10  scale  model 
bridge  using  hollow  V-strip  or  "tunnel"  charges 
(linear  charges).  Schematic  diagrams  of  the  bridge 
model,  charge,  and  test  arrangement  and  photo¬ 
graphs  taken  after  demolition  of  the  bridge  are 
included. 

L1541 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.).' 

5TH  INTERIM  REPORT  ON  DEMOLITION  OF 
REINFORCED  CONCRETE  BRIDGES.  FURTHER 
TESTS  ON  MODEL  REINFORCED  CONCRETE 
ARCH  BRIDGES.  Sept.  1943,  lip.  incL  illus. 
dlagrs.  (Note  no.  MOS/262/FN5;  AC  4822, 

Sept.  27,  1942;  C.41;  OSRD  Liaison  Office 
WA-1484-3)  Secret 

Tests  were  made  to  examine  the  various  methods- 
of  demolishing  reinforced  concrete  arch  bridges 
using  Hayrick  and  /or  abutment  charges,  or  as  a 
hasty  demolition  using  pressure  charges  placed  on 
the  filling  over  Ihe  crown.  Hayricks  applied  on  ihe 
underside  of  the  arch  ai  the  crown  cut  through  the 
whole  thickness  of  concrete.  Hayricks  applied 
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on  the  underside  just  above  each  springing  point 
was  sufficient  to  cut  through  the  Intradcs  steel  only. 
Hayricks  were  applied  at  the  crown,  and  boreholes 
produced  In  the  abutments  by  moans  of  Beehives 
were  plugged  with  plastic  explosive.  The  fronts 
of  the  abutments  were  badly  damaged  and  greater 
displacements  occurred  In  the  abutments.  Results 
with  pressure  charges  are  also  repotted. 

1*1543  - 

Roa  i  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

7TH  INTERIM  REPORT  ON  THE  DEMOLITION 
GF  CONCRETE  BRIDGES.  THE  USE  OF  ’'HAY¬ 
RICKS"  ON  1:10  AND  1:4  SCALE  MODEL  -ARCff 
BRIDGES.  Dec,  1943,  3d.  Ulus,  dlagrs.  (Note 
no.  MOS/301/FNS;  AC  5G47,  Feb.  1,  1944,  C.  65; 
CSRD  Liaison  OHice  WA- 1604-4)  Secret 

In  demolition  tests  on  model  (1:10  and  1:4  scale) 
reinforced  concrete  fixed  arch  bridges;  Hayricks 
were  applied  at  the  ciosu  and  sprlngings  of  the 
arches.  With  the  1:10  scale  model  bridge,  the  2 
halves  of  the  arch  were  thrown  backwards,  while 
with  the  1:4  scale  model  bridge  the  2  halves  of  the 
arch  collapsed  between  the  abutments.  It  was 
considered  that  a  full-scale  bridge  would  collapse 
similarly  to  the  1:4  scale  modeL 

L1543 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

MODEL  TESTS  ON  THE  DEMOLITION  OF  ANTI¬ 
TANK  OBSTACLES.  June  1942,  4p.  incL  illus. 
diagrs.  (Note  no.  MOS/113/FNS)  Confidential 

The  Investigation  was  made  to  evolve  a  method  for 
producing  a.  gap  i2  ft.  wide  in  antitank  obstacles 
consisting  of  concrete  walls  6  ft.  high.  6  It.  thick 
and  up  to  40  ft.  long.  The  specimens  w»re  pre¬ 
pared  to  a  scale  ratio  of  1  to  4. 8.  It  was  concluded 
that  6  60  lb.  contact  charges,  suitably  disposed, 
together  with  2  shaped  "V  strip  charges  would 
demolish  the  concrete  and  cut  the  reinforcement  In 
the  attack  face.  Three  shaped  charges,  each  con¬ 
taining  30  lb.  of  explosive,  foltowed  by  plugging 
ol  the  resulting  holes  with  prepared  tuhes  of  ex¬ 
plosive  would  demolish  the  concrete.  Strip  chargr-a 
would  be  necessary  to  cut  the  reinforcing  bare. 

LI  544 

Read  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit,). 
MEASUREMENT  OF  THE  VELOCITY  OF  THE 
AXIAL  SPURT  THROUGH  TARGET  PLATES 
FROM  THE  CS  BOMB,  TYPE  D,  FIRED  ON 
14/7/42.  July  1942,  2p.  di?gr.  (Note  no. 
MOS/119/WGM;  AC  2592,  Aug.  25,  1942;  SC  4/20} 

Secret 

The  movement,  through  4  steel  plates,  of  the  spurt 
from  this  38-ln.  diameter  bomb  was  recorded 
photographically.  The  spurt  as  far  as  plate  3  was 
much  faster  than  that  from  the  previous  round 
fired  In  May,  1942.  The  velocity  between  plates 


2  and  3  was  7, 200. ft.  /sec.  compared  with  3,800 
ft.  /sec.  previously.  Beyond  plate  2  the  spurt  slowed 
down  considerably;  no  luminous  material  reached 
the  center  of  plate  4  until  11  msec,  after  initiation. 
Plate  4  was  not  penetrated  centrally  until  12  meec. 
after  Initiation,  the  emergent  stream  having  a 
velocity  of  1, 800  ft.  /sec. 


L1545 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

1ST  INTERIM  REPORT  ON  USE  OF  HOLLOW- 
CONED  CHARGES  AGAINST  PROTECTED  PILL¬ 
BOXES.  METHODS  OF  PROTECTION.  Dec.  1942, 
Op.  Incl.  Illus.  dlagrs.  (Note  no.  MOS/187/FN5; 
Inclomtre  A  to  NA  London  repL  no.  178-43) 

Confidential 

Model  tests  were  made  to  determine  a  suitable 
method  of  protecting  reinforced  concrete  pillboxes 
agalnsl  attack  by  a  75-lb.  shaped  charge.  Com¬ 
plete  protection  against  1  charge  wag  afforded  by  a 
layer  of  good  quality  gravel  or  broken  stone  3  ft/ 
thick  held  'n  position  on  the  wall  faces  by  wooden 
boards.  If  mors  than  1-  shaped  charge  Is  likely  to 
be  detonated  at  or  near  the  same  position,  it  is 
necessary  to  reinforce  the  graveL 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt,‘  Brit.). 

2ND  AND  FINAL  REPORT  ON  THE  USE  OF 
KOLLOW-CONED  CHARGES  AGAINST  PILL¬ 
BOXES  PROTECTED  BY  GRAVEL.  SMALL- 
SCALE  AND  FULL-SCALE  TESTS.  Nov.  1943,  5p. 
Incl.  dlagrs.  (Note  no.  KQS/291/JH;  AC  5415,: 

Jan.  6,  1944;  SC.  68;  C.72;  OSHD  Liaison  Office 
WA-1882-5)  Secret 

A  model  slab  of  reinforced  concrete  3  ft.  square 
and  7.7  In.  thick  v/lth  a  1  In.  cubical  mesh  rein¬ 
forcement  wire  was  covered  with  a  layer  4.  C  in. 
thick  of  flint  gravel.  Tests  with  models  of  shaped 
charger  containing  75,  ICO,  125,  and  150  lb,  cf  . 
explosive  fired  against  the  wall  indicated  that  the 
150-lb.  charge  would  be  required  to  perforate  the 
wall.  Full-scale  tests  against  a  German  typo  of 
pillbox  of  reinforced  concrete  with  waUs  5  ft.  thick 
and  reinforced  with  9-in.  cubical  mesh  of  mild 
steel  bars  showed  that  a  7a-lb.  Beehive  perforated 
the  12-in.  thick,  reinforced  concrete  retaining  waU 
and  the  3  ft.  of  gravel  and  penetrated  32  in.  into  the 
5-ft.  thick  plllliox  wall.  Except  for  slight  cracking 
on  the  side  of  the  embrasure  nearest  the  charge, 
there  was  no  damage  visible  within  the  pillbox. 

The  nesting-type  Beehive  filled  with  plastic  803 
Gelignite  perforated  the  12-in.  thick  retaining  wail 
and  the  5-ft.  thick  pillbox  walL  A  small  amount  of 
debris  was  projected  into  the  pillbox  interior. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

THE  FRAGMENTATION  OF  A  5-OZ.  HOLLOW. 
COKED  CHARGE.  Jan.  1043,  6p.  Incl.  tables, 
dlagrs.  (Note  no.  MOS/197/GBT;  AC  3370, 

Feb.  18,  1943;  SC.  1;  OSRD  Liaison  Office  WA- 
507-38)  Confidential 

Three  5-os.  brass-lined  (80°  apex  angle)  shaped 
charges  were  fired  and  the  fragments  collected  in 
telephone  directories  at  a  distance  of  24  ft.  in  ' 
order  to  determine  the  distribution,  average  veloc¬ 
ity,  and  average  weight  of  the  fragments.  The 
fragments  passing  through  and  from  the  rear  of 
a  3/0 -in.  mild  steel  plate  attached  by  a  similar 
5-oz.  charge  were  also  collected  In  telephone 
directories.  Results  illustrating  the  behavior  of 

the  fragments  are  tabulated. 

# 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

PRELIMINARY  TRIALS  WITH  MODEL  FOLLOW¬ 
UP  BOMB.  ESTIMATION  OF  BLAST ’EFFECT 
AT  REAR  OF  HOLLOW-CONED  CHARGE.  Jan. 
1943,  3p.  (Note  no.  MOS/195/JH;  AC  3075, 

Mar.  17,  1943;  SC.  8;  OSRD  Liaison  Office  WA- 
528-15)  Secret 

A  target  was  attacked  by  a  compound  bomb  con¬ 
sisting  of  a  shaped  charge  of  sufficient  slz°  to 
perforate  a  target  and  a  thick-walled  bomb  sup-  . 
ported  at  the  i  ear  of,  and  axialiy  In  line  wnh  the 
main  shaped  charge.  It  was  found  that  the  effective 
blast  pressure  was  small  and  that  better  results 
might  have  teen  obtained  If  the  follow-through  bomb 
had  been  held  in  a  tube  behind  the  main  charge  and 
not  merely  supported  by  a  wire  frame. 


LI  540 

Hoad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

1ST  INTERIM  REPORT  ON  THE  MULTIPLE  JET 
AIRCRAFT  BOMB.  ATTACK  OF  MS  PLATES  BY 
t:5  SCALE  HC  CHARGES  FIRED  STATICALLY. 
Mar.  1543,  4p.  inci.  llius.  dlagrs.  (Note  no. 
MOS/206/JH;  AC  4507.  Aug.  13,  1943:  SC.  44) 

Confidential 

Scale  model  shaped  charges  (5  oz.)  with  1/16  In. 
thick  turned  brass  liners  were  fired  against  3/B-ln. 
thick  mild  steel  plates  to  examine  the  possibility  of 
perforating  a  20- m.c.  thickness  of  I.  T.  30  armcr 
plate  al  a  range  of  120  ft.  The  scaled  charges  pro¬ 
duced  a  small  number  of  perforations  In  the  target 
plate. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.'  Brit.). 

2ND  REPORT  ON  THE  MULTIPLE  JET  AIR¬ 
CRAFT  BOMB.  ATTACK  OF  ARMOR  PLATE 
BY  FULL-SCALE  HOLLOYf  CONED  CHARGES 
FIRED  STATICALLY.  SOME  CONSIDERATIONS 
OF  THE  DESIGN  OF  THE  MULTIPLE  JET 
BOMB.  July  1943,  22p.  incl.  llius.  dlagrs. 

(Note  no.  MOS/24B/JH;  AC  456B,  Aug.  13,  1943; 
SC.  45;  OSRD  Liaison  Office  WA-88e-6) 

Confidential 

The  possibilities  were  examined  of  designing  a 
bomb  with  several  lined  cavities  on  Its  underside, 
and  fitted  with  a  proximity  fuss  designed  to  operate 
when  the  bomb  Is  100  ft.  above  ground  level.  Ex¬ 
periments  made  on  the  attack  of  LT.  80  armor 
plate  20  mm.  thick,  using  single  shaped  charges 
containing  40  lb.  of  25/75  PETI4/TNT  and  fired 
statically  at  a  range  of  120  ft. ,  showed  that  2  such 
charges  produced  a  large  number  of  perforations 
in  the  target  plates.  Measured  initial  fragment  ve¬ 
locities  of  the  liners  were  of  the  order  of  IJ.QOO  tp 
14, 000ft.  /sec.;  the  striking  velocities  at  the  target, 
120  ft.  distant  from  the  charge,  were  of. the  order 
of  11,000  ft. /sec.  for  the  leading  fragments,  A 
model  multiple  Jet  bomb  was  II red  statically,  and 
It  was  found  that  each  liner,  Independently  of  the 
others,  caused  approximately  the  same  penetration 
Into  a  reinforced  concrete  target  at  short  range 
as  would  a  single  charge  fitted  with  a  similar  liner, 

.  A  statistical  examination  was  made  of  the  expecta¬ 
tion  of  vehicles  damaged  by  a  bomb  striking  the 
target  area. 
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Hoad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

COMPARISON  OF  CRATERS  CAUSED  IN  MAS¬ 
SIVE  REINFORCED  CONCRETE  BY  ‘'GENERAL 
WADE"  AND  PLASTER  CHARGES  OF  EQUAL 
CONTACT  AREA  AND  EQUAL  WEIGHT.  Feb.  ‘  ; 
1944,  5p.  incl.  llius.  (Note  no.  MOS/312/JH.  RK; 
AC  5714,  Feb.  17,  1944;  C.  30;  OSRD  Liaison 
Office  WA-1064-3)  Secret 

A  comparison  was  made  of  the  craters  caused  In 
massive  reinforced  concrete  by  Genera,  Wade  and 
square  plaster  charges  of  uniform  thickness,  with 
the  same  weight  and  nrei  of  contact,  and  each 
filled  with  25  lb.  of  351  and  852  explosive.  No 
significant  difference  was  noted  between  the 
maximum  depths  of  craters  caused  by  the  2  types 
of  'charge  though  with  each  filling  it  appeared  that 
the  plaster  charges  caused  craters  of  greater 
estimated  volume  than  those  of  the  General  Wade 
charges. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

DEMOLITION  OF  A  VAULT  ARCH,  FILLED 
SPANDREL,  REINFORCED  CONCRETE  BRIDGE, 
REVIEW  OF  WORK  CARRIED  OUT  TO  DEC., 
1943  ON  SCALE  MODELS.  Feb.  1944,  3p. 

(Note  no.  MOS/313/JH;  AC  5719,  Feb.  17,  1944; 
OSRD  Llafspn  Office  WA-I664-0)  Secret 

Four  Road  Research  Laboratory  notes 
(MOS/165/FNS,  MOS/2C2/FNS,  MOS/290/JH, 
and  MOS/301/FNS)  dealing  with  the  demolition  of 
concrete  by  Hayrick  and  General  Wade  charges 
are  briefly  summarized. 

L1S53 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Drit.). 

NOTE  ON  RELATIVE  PERFORMANCE  OF 
"GENERAL  WADE"  AND  PLASTER  CHARGES. 
SUMMARY  OF  US,  OAC,  AND  RRL  RESULTS. 
Feb.  1944,  lp.  (Note  no.  M03/316/MCF;  AC 
5742,  Feb.  17,  1944;  C.  97;  OSRD  Liaison  OHice 
WA-1711-12)  Secret 

Brief  summaries  are  given  of:  (1)  US  Engineer 
Board  (esls  to  determine  the  effectiveness  of  a 
General  Wade  charge  as  compared  with  a  tetrytol 
pack;  (2)  OAC  tests  to  compare  the  effect  of  ' 
General  Wade  and  plaster  charges;  and  (3)  RRL 
tests  to  compare  the  craters  caused  in  massive 
reinforced  concrete  by  General  Wade  and  plaster 
charges, 

L1554 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

.  THE  BREACHING  OF  AN  EARTH-BACKED 
CONCRETE  SEAWALL  BY  CONTACT  CHARGES. 
TESTS  ON  A  1:6  SCALE  MODEL.  Apr.  1944,  2p. 
il'.os.  dlagrs.  (Note  no.  MOS/327/RK.  JH;  AC  5966, 
Apr.  3,  1944;  C.  114;  CSRD  Liaison  Office  WA- 
2096-4)  Secret 

Tests  were  made  on  model  sea  walls  to  determine 
the  disposition  ai  charges  necessary  to  cause  tar.k- 
ncgotlable  breaches.  General  Wade,  Dustbin,  and 
plaster  charges  were  used,  only  the  first  of  which 
is  a  shaped  charge.  Test  results  are  shown  dia- 
gramatically.  A  charge  of  1600  lb.  of  PE  no.  2 
formed  in  an  Inverted  "U",  and  another  of  2,0001b. 
arranged  in  2  rectangular  charges  were  thought  to 
have  caused  satisfactory  breaches. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

THE  BREACHING  OF  AN  EARTH-BACKED 
MASONRY  SEAWALL  BY  CONTACT  CHARGES. 
TESTS  ON  A  1:8  SCALE  MODEL.  Apr,  1944,  2p. 
ilius.  dlagrs.  (Note  no.  MOS/33S/RK.  JH;  AC  5966, 
Apr.  3,  1944;  C.  114;  OSRD  Liaison  OHice  WA- 
2096-4a)  Secret 


Tests  were  made  on  model  sea  walls  to  determine 
the  disposition  of  charges  necessary  to  cause  tank- 
negotiable  breaches.  General  Wade,  Dustbin,  and 
plaster  charges  were  used,  only  the  first  of  which 
Is  a  shaped  charge.  Good  agreement  was  found 
between  the  1:6  scale  tests  and  fuil-scale  tests, 
but  the  face  shatter  below  the  charge  was  ap¬ 
preciably  less  on  the  model  scale.  Test  results 
are  tabulated. 

LI  553 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

EXPERIMENTS  WITH  LARGE  HOLLOW  CONE 
CHARGES  DETONATED  AGAINST  REINFORCED 
CONCRETE.  PRELIMINARY  TESTS  AT  HANK  LEY 
'  COMMON.  Apr.  1944,  4p.  incl.  dlagrs.  (Note 
no.  MOS/33B/FNS;  aC  6251,  May  3,  1944;  C.  125; 
OSRD  Liaison  OHice  WA-2136-C)  Secret 

Tests  were  made  with  shaped  charges  containing  ■ 
30,  35,  and  70  lb.  of  60/40  RDX/TNT  detonated 
against  the  Iron!  lace  of  a  massive  and  lightly 
reinforced  concrete  wall.  Liners  of  cold  pressed 
steel  and  brass,  and  hot  pressed  steel  were  used. 

No  significant  dillerence  was  noted  in  penetration 
produced  bj-  charges  with  these  liners. 
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Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gl.  Brit.). 

REPORT  BY  MR.  F.  N.  SPARKES  ON  HIS 
VISIT  TO  THE  UNITED  STATES  OF  AMERICA 
AND  TO  CANADA,  JAN.  1944,  by  F.  N.  Sparkec. 
Apr.  1944,  20p.  diagr.  (Note  no.  MOS/332/FNS; 

AC  6296,  May  18.  1944)  Secret 

Discussions  were  held  at  several  US  military  and 
scientific  institutions,  at  the  Canadian  National 
Research  Council,  and  at  Petawa  Camp.  It  res 
concluded  that  Hie  results  of  work  by  Americans 
and  British  on  shaped  charges  agreed  generally 
except  that  the  American  conical  liner  in  Beehive 
charges  was  about  0.  5  the  thickness  of  British 
liners.  The  American  and  British  formulas  for  the 
depth  of  penetration  of  shot  into  concrete  gave  about 
the  same  results. 

LI  553 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

COMPARISON  OF  CUTTING  EFFECTS  OF  FLAT 
AND  SHAPED  CHARGES  OF  EXPLOSIVE.  May 
1044,  7p.  incl.  tables.  (Nolo  no.  M03/356/LGS; 

AC  6599,  June  30,  1944;  C.  156;  OSRD  Liaison 
OHice  WA-2539-1)  Secret 

Tests  were  made  to  compare  the  performance  of 
flat,  slightly  dished,  and  grooved  charges  in  cut¬ 
ting  heavy  mesh  reinforcement  of  concrete  sLaba. 

The  t?Ms  showed  that  there  was  no  noticeable 
difference  in  the  damage  resulting  from  either 
flat  or  shaped  charges  in  contact  with  Ihe  target, 

A  slightly  dished  charge  destroyed  and  cut  the 
most  steel  but  the  improvement  was  not  marked. 
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The  shaped  charge  appeared  to  focus  the  ef[ecls 
of  the  explosive,  and  as  a  result  formed  deeper 
craters  than  did  the  flat  charge. 

L1559 

Road  Research  Laboratory,  Department  of  Sclenflflr 
and  Industrial  Research  (Gt.  Brit.). 

EFFECT  Ov  SHAPED  CHARGES  OH  PILLBOXES. 
TRIALS  WITH  50-LB.  AND  100-LB.  ’’BEEHIVE" 
CHARGES.  May  1944,  0p.  incl.  tables,  diagrs. 
(Ne’e  no.  MOS/349/FNS.  JH;  AC  6297,  May  15, 
1944;  C.  136;  OSRD  Liaison  Office  WA-2174-8) 

Secret 

Tests  were  made  with  Beehive  charges  against 
reinforced  concrete  5  ft,  and  G  ft.  thick  to  deter¬ 
mine  the  effect  on  personnel  behind  the  walls. 
Charges  with  a  total  weight  of  50  lb,  perforated 
the  5  ft.  thick  reinforced  pillbox  wall  and  scattered 
about  200  lb.  of  debris  Inside  the  pillbox.  No 
significant  difference  was  noted  in  Ihe  performance 
of  the  30'50  ,b.  (30  lb.  explosive  and  50  lb.  total 
weight)  and  of  the  35/50  lb.  charge.  Results  are 
shown  for  the  70/100  lb.  charge. 

LI  560 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

THE  USE  OF  PLASTIC  PROTECTIVE  PLATING 
TO  REINFORCE  EXISTING  STEEL  ARMOR  ON 
LIGHTLY  ARMORED  AFV'S.  May  1944,  5p. 

(Note  no.  MOS/351/DBW;  OSHD  Liaison  Office 
’.VA-2205-I)  Secret 

Tests  were  made  with  a  shaped  charge  copied 
after  the  German  3-cm.  antitank  grenade,  and 
with  AP  shot,  to  compare  the  efficiency  of  PPP 
(Plastic  Protective  Plating)  and  maehineable 
quality  armor  plate  when  used  In  front  of  an 
existing  steel  armor  protection.  The  few  testa 
carried  out  with  shaped  charges  showed  that  the 
PPP  gave  better  protection  than  an  equal  weight 
of  steel  armor, 

L1561 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

PRELIMINARY  TESTS  ON  THE  BEHAVIOR  OF 
CONCRETE  IN  PENETRATION  TESTS.  July  1944, 
Bp.  incl.' Ulus.  (Note  no.  MOS/373/HLDP.  ACJ; 

AC  6771.  Aug.  10,  1044;  C.  174;  OSRD  Liaison 
Office  WA-2797-16)  Secret 

Shaped  charges  (0. 75  In.  diameter,  0.85  In.  long 
with  an  BO'  brass  liner,  0.02  In.  thick)  were 
detonated  at  various  distances  from  concrete 
blocks  6  square  by  1.  5  in.  thick.  With  plain 
concrete  at  2.  25-tn.  star.dolf,  the  target  was 
broken  into  several  pieces,  while  with  reinforced 
concrete  a>  5.  2-in.  standoff,  6  radial  cracks  were 
made,  some  reaching  the  edge  of  tne  specimen. 
Other  results  are  Indicated.  Tests  on  glass  tar¬ 
gets  showed  more  severs  cracking  and  pulveriza¬ 
tion  than  with  the  concrete.  A  section  Is  included 
on  movement  of  concrete  during  penetration. 


LI  562 

Road  Research  Laboratory,  Departmentof  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

4TH  INTERIM  REPORT  ON  FULL-SCALE 
TESTS  CN  STANDARD  WALLS  FOR  THE  ANTI- 
CONCP.ETE  COMMITTEE.  THE  USE  OF 
GENERAL  WADE  CHARGES.  Aug.  1944,  5p.  IncL 
lllus.  (Note  no.  MOS/387/FNS.IK;  AC  6705, 

■  Aug.  5,  1944;  C.  172;  OSRD  Liaison  Office 
WA-2797-14)  Secret 

Two  testswere  madeuslng64  General  Wade  charges 
on  the  face  of  a  10-ft.  thick  medium  wall.  In  1 
test  the  charges  were  initiated  by  a  Cordtex  ring 
main  and  r.u.  27  detonators;  in  the  cither  case 
special  clips  and  detonators  normally  issued  with 
these  charges  were  used.  In  both  cases  the  charges 
produced  a  gap  which  cculd  not  be  negotiated  by  a 
Sherman  tank. 


L1563 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

7TH  INTERIM  REPORT  ON  FULL -SCALE  TESTS 
ON  STANDARD  WALLS  FOR  THE  ANTI-CON¬ 
CRETE  COMMITTEE.  FURTHER  TESTS  WITH 
GENERAL  WADE  CHARGES.  Dec.  1944,  6p. 
incl.  illus.  (Nutenc.  MOS/417/JH;  AC  7541; 

C.  211;  OSRD  Liaison  Offfce  WA-3730-12)  Secret 

Tests  were  made  on  a  10-ft.  thick  medium  wall 
and  on  a  6-ft.  thick  heavy  wall  using  52  General 
Wade  charges  arranged  In  vertical  rows  on  thc- 
face  of  the  wall.  The  gap  produced  in  the  10-ft. 
wall  could  not  be  negotiated  by  a  Sherman  tank; 
the  gap  in  the  6-It.  wall  was  negotiated  wllh 
difficulty  by  the  tank,  it  was  concluded  that  the 
General  Wade  charges  were  not  suitable  for 
breaching  thick  walls  or  walls  containing  very 
.  heavy  reinforcement. 


L15S4 

1 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 
INVESTIGATION  INTO  THE  USE  OF  PLASTIC 
PROTECTIVE  PLATING  TO  REINFORCE  TANK 
ARMOR  AGAINST  ATTACK  BY  SHAPED 
CHARGES.  Aug.  1944,  2p.  (Note  no. 
MOS/389/DBW;  OSRD  Liaison  Office  WA-2684-3) 

Secret 

A  small  number  of  tests  are  reported  which  were 
to  determine:  (1)  how  English  plastic  containing 
coal  tar  pitch  compared  wiih  American  plastic; 

(2)  whether  the  use  of  a  mild  steel  backing  plate 
improved  the  plastic  elficlancy;  and  (3)  how  the 
plastic  targets  compared  In  efficiency  with  an 
equal  weight  of  mild  steel  cr  armor  steel. 
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L1565 

“*>"*  Research  Laboralory,  Department  ol  Scientific 
and  Industrial  Research  (Gt.  Bril.). 

*  DETERMINATION  OF  PERFORMANCE  AGAINST 

REINFORCED  CONCRETE  OF  UC  DEMOLITION 
CHARGE  NO.  6  MARK  I  (16/23  LB.  "BEEHIVE”). 
Nov.  1944,  6p.  Incl.  diagrs..  (Note  no. 
MCS/413/FNS.AHP;  AC  7543;  C.213;  OSRD 
Liaison  Oiflce  WA-3305-I5)  SecrcF 

1  ests  were  made  to  determine  the  performance 
and  penetration  ot  the  HC  demolition  charge  no.  C 
Mark  I.  The  chirges  were  fired  against  reinforced 
conciete  targets  42,  54,  and  72  in.  thick.  The 
42-  and  54-in.  targets  were  both  perforated,  but 
the  72-in.  targets  resisted  perforation  and  gave 
ultimate  penetrations  of  39  and  44  in. 

L1500 

Road  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Erlt.). 

A  COMPARISON  BETWEEN  STEEL,  PLASTIC 
PROTECTIVE  PLATING,  AND  NATURAL 
AGGREGATES  WHEN  USED  AS  REINFORCEMENT 
FOR  EXISTING  STEEL  ARMOR  AGAINST  HOL¬ 
LOW  CONE  CHARGE  ATTACK.  Dec.  1944,  4p. 
tables,  dlagrs.  (Note  no.  MOS/4 1 9/DBW.  AHP; 

.  OSRD  Liaison  Office  WA-359C-5)  Secret 

v  Tests  were  performed  to  compare  the  efficiencies 

of  Plastic  Protective  Plating  (PPP)  and  dry  aggre- 
•  E^to,  e.  g.,sani  with  those  of  mild  steel  and  steel 

armor  when  used  to  reinforce  existing  armor 
against  shaped  charge  attack.  PPP  fued  Ln  contact 
with  armor  gave  more  efficient  protection  than 
steei  armor  or  mild  steel  of  equal  weight/unit  area. 
Approximately  0. 4  lb.  of  PPP  gave  a  reduction  !n 
penetration  equal  to  'ha*,  given  by  1  lb.  of  steel 
armor.  On  a  thickness  comparison,  1  in.  of  steel 
armor  was  equivalent  to  1.  5  in.  of  PPP.  Dry 
aggregates  were  slightly  less  efficient  than  PPP 
■when  considered  on  a  weight  basis.  Gravel  made 
et  large  particles  aones,  red  to  b*1  slighfiv  more 
efficient  than  sand  and  smaller  gravel.  The  use  of 
a  skirting  plate  reduced  the  chances  of  serious 
penetration.  No  significant  difference  in  pene¬ 
tration  could  be  detected  between  PPP,  steel  armor, 
or  mild  steel  when  used  as  the  skirting  plate. 

LI  567 

Road  Research  Laboratory,  Department  of  Scientific 
-  and  Industrial  Research  (Gt.  Brit.). 

THE  PERFORMANCE  OF  NESTING  BEEHIVES 
AGAINST  CONCRETE  TARGETS.  TESTS  WITH 
MODIFIED  BEEHIVES.  Dec.  1944  ,  6p.  IncL 
diagrs.  (Note  no.  MOS/4 i 8/JH.  RK;  AC  7542; 

C.  212;  OSRD  Liaison  Offi:e  WA-3605-I.4) 

,  Secret 

Experiments  were  made  with  pairs  ol  r,o.  11 
demolition  charges  nested  together  and  fired 
against  massive  leinforced  concrete  to  find  if  the 
formation  of  a  double  hole  In  the  target  could  be 
eliminated  by  making  simple  modifications  to  the 


SECRET 


charges.  Results  showed  that  a  0.75-tn.  diameter 
hole  in  the  iinor  apex  prevented  the  formation  of 
a  double  hole  in  the  targets  for  amounts  of  mal¬ 
alignment  within  the  limits  expected  between  pairs 
of  charges  of  this  type  if  the  2  charges  were  firmly 
nested  together.  A  provision  for  centering  bands 
(to  ensure  good  alignment)  resulted  in  the  forma¬ 
tion  of  single  holes  in  the  target. 

L158S" 

Hoad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research  (Gt.  Brit.). 

THE  BREACHING  OF  EARTH-BACKED  REIN- 
i^IL-ED  CONCRETE  ANTITANK  WALLS. 

MODEL  TESTS  ON  STANDARD  WALLS.  Jan. 
1945,  3p.  Ulus,  tables,  diagrs.  (Note  no. 
MOS/42S/LGS,  RK;  AC  770G;  C.223;  OSRD  Liaison 
Office  WA-3926-2)  Secret  ’ 

Combinations  of  plaster  charges  and  Beehives  were 
used  for  model  tests.  It  waa  concluded  that,  lha 
type  of  earth  or  clay  backing  affected  the  shape 
and  quantity  of  explosive  required. 

L1589 

Itoad  Research  Laboratory,  Department  of  Scientific 
and  Industrial  Research' (Gt.  Bril.). 

THE  PERFORMANCE  AGAINST  REINFORCED 
CONCRETE  OF  MODIFIED  HC  DEMOLITION 
CHARGES  NO.  6.  (10/25  LB.  "BEEHIVE"). 

July  1945,  4p.  incl.  table,  diagr.  (Note  no. 
MOS/401/JH;  AC  B441;  C.  251;  OSRD  Liaison 
Office  WA-5296-3)  Secret 

Tests  were  carried  out  on  a  reinforced  concrete 
shelter  to  determine  the  penetration  Into  concrete 
of  the  Beehive.  A  slight  increase  in.  penetration 
was  obtained  with  charges  fitted  with  an  Licit 
(wood)  core  in  the  filling.  No  such  increase  wan 
obtained  when  an  Ammonal  core  waa  used.  H 
appeared  that  a  slight  reduction  in  penetration  wa3 
caused  by  the  use  of  a  cast  TNT  core. 

L1570 

Rcos,  J.  A. 

SHAPED  CHARCE  HELPFUL  IN  PLACER 
DRILLING  TESTS.  Engineering  and  Mining 
Journal,  v.  148,  Jan.  1947:  73. 

Experiments  made  with  a  small  shaped  charge 
formed  tn  hand-snaped  piaster  of  Paris  and  wet 
sawdust  casts,  and  with  a  larger  charge  shaped 
around  small  tinned  cans,  are  reported. 

L157I 

Royal  Aircraft  Establishment  (Gt.  Brit.). 

ASSESSMENT  OF  AN  ANTITANK  GUIDED 
WEAPON,  by  D.  G.  King-Kele,  C.  L.  Barham, 
and  N.  K.  Walker.  Jan.  1952,  27p.  diagrs. 
(Technical  note  no.  GW  li>7)  TIP  S2401 

Secret 

Designs  and  calculated  performance  are  reported 
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for  a  guided  antitank  weapon.  A  missile  of  about 
ZOO  ib.  over-ali  weight,  4U00-yd,  range,  3-ft. 
wing  span,  and  7-ft.  length  is  assumed  capable 
of  meeting  requirements  for  destructive  power, 
range,  weight,  and  size.  Initial  simulator  tests 
and  theoretical  approxlmatiomi  indic-<'»  target 
accuracies  of  90%.  Tee  designs  include  missiles 
with  moving  wings  and  stabilizing  fins,  or  fixed 
wings  and  tail-control  surfaces.  The  possible  ubb 
of  a  small  missile  with  a  shaped  charge  warhead 
similar  to  that  of  the  French  antitank  weapon 
SSli)  is  also  briefly  discussed. 


LI  572 


Royal  Aircraft  Establishment  (Gt.  Brit.). 

A  VISIT  TO  SOME  FRENCH  RESEARCH  OR¬ 
GANIZATIONS  IN  DECEMBER,  ?95i,  VSTTH 
SPECIAL  REFERENCE  TO  THE  GUIDED  ANTI¬ 
TANK  WEAPON  ENTAC,  by  C.  L.  Durham. 

Mar.  1952,  12p.  diagrs.  (Technical  note  no. 

GW  173)  TIP  S2685  Secret 


LI  574 


Safety  in  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  X.  EXAMINATION  OF  A 
5-IN.  MILD  STEEL  PLATE  PERFORATED  By 
HOLLOW-CONED  CHARGE,  by  J.  11.  Andrew  and 
others.  July  IP42,  I7p.  IncL  Illus.  dlagr3.  (llepf. 

/^3’ ^ePt-  1942:  Phys/Ex.  314: 
SC4/22;  OSRD  Liaison  Office  WA-259-22)  (In 
cooperation  with  Department  of  Metallurgy.  Shef¬ 
field  University)  Secret 


When  a  10-  x  10-  x  5- In.  mild  steel  plate  was 
examined  after  being  perforated  by  a  shaped  charge 
of  PE,  the  hole  surface  In  the  plate  had  been 
melted  and  the  heating  effects  had  penetrated  the 
material  beyond  this  surface.  Measurements 
showed  that  45%  of  the  metal  from  the  hole  had 
u£eii  displaced  to  a  position  surrounding  the  hole 
causing  deformation  and  bulging  of  the  plate. 


L1575 


ENTAC,  Engin  Tcle-cemraande' Anti-Char,  an 
antitank,  wire-guided  missile  similar  to  the  SS10 
is  described,  ENTAC  specifications  call  for: 

(a)  1600 -yd.  range 

(b)  '.2-  to  14-in.  penetration  of  armor  plate 

(c)  target  crossing  speed  of  45  m.  p.  h. 

(d)  accuracy  better  than  +  1  m.  at  1500  m. 

(e)  26-lb.  weapon  welghtT" 

The  6-in.  diameter  warhead  of  the  shaped  charge 
type  weighs  10  Ib.  a.od  contains  a  trumpet  shaped 
liner.  Penetratioiis  of  IR  in.  into  armor  plate  (type 
or  hardness  not  specified)  are  claimed.  It  is 
elated  that  the  missile's  double  contact  fuze  will 
function  at  obliquities  up  to  70s,  penetrating  plate 
6  in.  thick.  Since  the  missilf  is  in  the  development 
stage,  only  a  few  rounds  have  been  fired.  In  an 
appendix,  mention  is  made  that  hollow  charge  and 
flash  radiographic  work  are  being  carried  out  at 
Saint-Louis,  France  under  the  direction  of  Major 
De  France. 


,  '  . —  oirtuun,  rmxion.  ling. 

•  SHAPED  CHARGES.  XL  THE  SHAPE  OF  THE 
DETONATION  WAVE  AND  ITS  CONTROL  by 
D.  W.  Woodhead.  Aug.  1942,  5p.  IncT.  Ulus. 
(Rept.  no.  E.  47;  AC  2743,  Sept  23,  1942; 

n,h/S/nEA?20;  SC'1/r'H:  °SRD  Liaison  Office 
WA-300-25  and  WA-271-34)  (Incomplete  report.) 

Confidential 

The  effect  of  variations  In  dimensions  oT  thecharge 
on  the  shape  of  the  wave  reaching  the  end  of  the 
cartridge  was  examined  photographically  ualng  A1 
Rounkol  cartridges.  Two  methods  of  procedure  are 
clis.  ussed  In  whicn  the  Buxton  high  speed  revolving 
mirror  camei a  was  used  in  each  case.  Experi¬ 
ments  were  performed  also  to  study  the  effect  oi 
position  of  the  point  of  initiation. 


LI  573 


Safety  in  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  DC.  THE  END  EFFECT 
(MUNROE  AND  SOLID  CONE),  by  W.  Paymai 
Nov.  1941,  Bp.  incl.  illus.  diagrs.  (Rept.  no 
E.  16;  AC  H29,  Nov.  25,  1941;  Phys/Ex.  194- 
OSRD  Liaison  Office  W-92-32)  Cnnfiden 


Tests  on  solid  and  shaped  charges  are  reported. 
The  topics  discussed  include  the  difference  be¬ 
tween  axial  and  lateral  effects,  end  effect,  shape 
of  »he  detonation  wave,  luminescence  of  the  jet, 
and  penetration  of  Pb  plates.  * 


LI  57  6 

Safety  in  Mtnes  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  XIV.  THE  END  EFFECT 
n.  SrCOND  INTERIM  REPORT  ON  PHOTO- 

INVESTIGATION,  by  D.  W.  Woodhead 

'"’S'  1943-  8P‘  lncl’ 

(R.pt.  no.  — . 89;  AC  4762;  Phys/Ex.  479;  SC.  52' 
S.  E.  184;  OSRD  Liaison  Office  WA-1019-1G)  "  * 

Confidential 

A  part  of  this  rept.  describes  Hie  photographic 
methods  in  use  at  Buxton  for  investigating  the  end 
effect  from  shaped  charges.  Results  are  pre¬ 
sented  which  show  how  the  shape  of  the  end  of 
cylindrical  cartridges  influences:  (a)  the  velocity 
of  the  luminous  effect  and  (b)  the  shape  of  the 
disturbance  sent  out  from  .'hat  end.  A  table  shows 
velocities  of  the  luminous  effect. 
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LI577 

Safety  in  Mines  Research  Station,  Buxt or,,  Eng. 
SHAPED  CHARGES.  XV.  THE  END  EFFECT. 
EH.  VELOCITY  OF  LUMINOUS  EFFECT  WHEN 
CONFINED  IN  A  CYUNDHICAL  TUDE,  by 
W.  S.  CybulskI  and  D.  W.  Woodhead.  Dec.  1943, 
2p.  Incl.  table.  (Rept.  no.  E.  100;  AC  5476; 
Phys/Ex.  506;  SC.  64;  SE.  210)  Secret 


Tabular  data  from  tests  with  cast  cartridges  of 
CE/TNT  40/C0,  1. 25  in.  in  diameter,  13  in.  long, 
and  having  a  density  of  1. 62,  showed  that  there 
was  nn  significant  difference  In  the  speed  of  the 
Uliginous  effect  in  the  open  and  along  glas6  and 
cellophane  tubes, 

L1570 

Safety  in  Mines  Research  Stat.m,  Buxton,  Eng. 
SHAPED  CHARGES.  XVHI.  COMPOSITE 
CHARGES.  H.  CARTRIDGES  WITH  AXIAL 
CYLINDRICAL  CAVITIES,  byW,  B.  CybulskI 
andD.  W.  Woodhead.  Jan.  1944,  lOp.  incl.  Ulus, 
tables.  (Rept.  no.  E.  102;  AC  5520;  Phys/Ex,  508; 
SC.  60;  OSRD  Liaison  Oiiice  WA-2146-U)  Secret 

A  photographic  study  was  mado  of  the  detonation 
traveling  along  the  surface  of  a  holed  or  annular 
charge,  and  also  of  the  luminous  effects  which 
tir.vei  Inside  the  cavity,  and  of  those  which  are 
projected  from  its  open  end.  The  detonation  wave 
traveled  along  a  charge  with  an  axial  cavity  at  a 
rate  greater  than  that  at  which  it,  moves  aiong  the 
solid  charge.  Heated  products  of  detonation 
traveled  down  the  cavity  at  a  rate  which  was  much 
higher  than  that  of  detonation.  The  luminous  effect 
eventually  lost  speed  after  a  distance  which  was 
shorter  for  narrow  than  for  wider  cavities.  The 
speed  of  the  luminous  effect  irom  the  open  end  of 
the  cavity  was  usually  greater  than  that  from  the 
solid  cartridge,  but  was  lower  with  deep  cavities 
because  of  the  progressive  d=cay  of  the  effect 
within. 

L1579 

Safety  in  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  XVIIL  COMPOSITE 
CHAHGES.  in.  PRESSED  CE  WITH  CLOSED 
CYLINDRICAL  CAVITIES,  by  W.  3.  CybulskI  and 
D.  W.  Woodhead.  July  1944,  Sp.  inch  illtig. 

(Rept.  no.  E.  103;  Inclosure  1  to  MA  London  rept. 
no.  507-44;  AC  6999;  Phys/Ex.  583;  SC.  67; 

OSRD  Liaison  Office  WA-3005-15)  Secret 

A  strong  disturbance  propagated  along  a  hollow 
tube  closed  with  an  explosive  pellet  in  a  detonating 
HE  cylindrical  charge  resulted  in  the  setting  up  oi 
detonation  In  the  pellet  provided  the  explosive  was 
sufficiently  sensitive  and  the  tube  not  too  long. 

Two  new  waves  were  initiated  at  the  far  end  of  the 
hollow  and  traveled  in  opposite  directions  through 
the  remainder  of  the  charge.  A  Dautrlehc  efiect 
occurred  at  the  point  where  the  wave  which  traveled 
backwards  collided  with  the  original  detonation 
wave  still  advancing  through  the  annular  body  of  the 
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cartridge.  It  was  concluded  that  detonation  time  of 
a  cartridge  could  be  shortened  by  means  of  a  suc¬ 
cession  of  hollows. 


L1580 

Safety  in  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  XIX.  THE  END  EFFECT; 
TV.  SPEED  OF  LUMINOUS  EFFECT  FROM  A 
PLANE-ENDED  CARTRIDGE  OF  PETN,  by 
W.  B.  CybulskI.  Dec.  1944,  4p.  incL .  tables, 
diagr.  (Rept.  no.  E.  133;  AC  7550;  Phys/Ex.  610; 
SC.  130;  Inclosuro  1  to  MA  London  rept.  no. 
R424-45)  Secret 

A  method  was  developed  by  Dr.  H.  JoneE  by  which 
the  equation  cf  state  of  the  gaseous  products  of 
detonation  could  be  partly  determined  for  certain 
explosives  rich  In  O.  This  method  was  applied  to 
PETN,  and  the  initial  air  shock-wave  velocity  from 
cartridges  of  2  different  densities  was  calculated.' 
This  calculation  was  confirmed  experimentally. 


L1581 

Safety  in  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  XXH.  THE  FORMATION 
OF  MACH  OR  BRIDGE  WAVES,  m.  SINGLE 
CONE-ENDED  CYLINDERS,  by  D.  W.  Woodhead 
and  R.  Witson.  Mar.  1945,  7p.  incl.  Ulus,  dlagrs. 
(Rept.  m.  E.  143;  AC  8008,  Mar.  30,  1945; 
Phys/Ex.  633;  SC.  143;  OSRD  Liaison  Office 
WA-4317-lc)  Secret 


The  development  of  a  Mach  ware  from  a  cylindrical 
charge  of  explosive  with  a  cone  end  Is  described. 


L1582 

Safety  la  Mines  Research  Station,  Buxton,  Eng. 
SHAPED  CHARGES.  XXIV.  COMPOSITE 
CHARGES.  IV.  CAST  TNT  AND  CE/TNT  WITH 
CLOSED  CYLINDRICAL  CAVITIES,  by  W.  B. 
CybulskI  and  D.  W.  Woodhead.  Apr.  i945,  6p. 
incl.  illus.  dlagrs.  (Rept.  no.  E.  151;  AC  8408; 
Phys/Ex.  660;  SC.  153;  OSRD  Liaison  OHlce 
WA-5101-17)  Secret 

Immediate  pre-ignition  did  not  always  occur  with 
explosives  which  had  a  sensitivity  lower  than  that 
oi  pressed  CE  when  the  Intense  disturbances  propa¬ 
gated  along  a  hollow  tube  in  a  detonating  cylindri¬ 
cal  charge  arrived  at  the  closed  end.  In  a  series  of 
CE/TNT  cast  mixtures  the  tube  gave  rise  to  a 
range  of  results  varying  from  immediate  setting 
up  of  detonation  to  complete  extinction.  Immediate 
initiation  could  be  ensured  when  desired  In  the 
less  sensitive  explosives  by  the  Inser.ion  of  a 
pellet  oi  pressed  CE  at  the  bottom  cf  the  hollow 
tube. 
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Safety  in  Minos  Research  Station,  Buxton,  Eng. 

SHAPED  CHARGES.  XXVL  THE  FORMATION 
OF  MACH  OR  BRIDGE  WAVES.  V.  TWIN 
PLANE-ENDED  CYLINDERS  WITH  PARALLEL 
AXES,  by  D.  W.  Woodhead  and  R.  Wilson.  Aug. 
1945,  10p.  incl.  tllus.  diagrs.  (Rept.  ro.  E.158; 
Inclosure  1  to  MA  London  rept.  no.  R532S-43; 

AC  8596;  Phys/En.  67  i;  SC.  162;  OSID  Liaison. 
Office  WA-5442-B)  Confidential 

A  study  was  made  of  the  mode  of  interaction  of 
converging  shock  waves  in  twin  plane  ended  cylin¬ 
ders  as  distinct  from  the  diverging  systems  which 
arise  from  single  cylinders.  Charts  were  drawn 
of  the  complex  Mach  wave  system  which  developed 
in  the  region  between  2  unconfined  cylinders  of 
cast  explosive  when  detonated.  Instances  of  neH- 
luminosity  In  a  shock  wave  were  observed. 

L1584 

Safety  in  Mines  Research  Station,  Buxton,  Eng. 

SHAPED  CHARGES.  XXVIL  THE  FORMATION 
OF  MACH  'OR  BRIDGE  WAVES.  VI.  OBLIQUE 
ARRANGEMENTS  OF  PAIRS  OF  CYLINDERS. 

VU.  SUMMARY  OF  PARTS  I- VI,  byD.  W.  Wood- 
head  ar.d  R.  Wilson.  Nov.  1945,  lOp.  IncL  illus. 
diagrs.  (Rept.  no.  E.  163;  Inclosure  1-to  MA 
London  repl,  no.  761/46;  AC  8653;  Phys/Ex.  693; 
OSRD  Liaison  Olficc  RC-923)  Coniidential 

Charts  were  drawn  ol  the  complex  bridge  (or 
Mach)  wave  system  in  the  region  between  2  cylin¬ 
ders  nf  cast  explosive,  detonated  simultaneously 
and  unconlincd,  when  the  cylinders  have  oblique 
ends,  and  when  they  have  plane  ends  arranged 
obliquely.  A  summary  Is  given  of  the  general 
photographic  study  of  Mach  or  bridge  waves  oc¬ 
curring  In  the  wave  systems  from  singte  and  from 
twin  charges  of  explosive  when  detonated 
unconfined. 

LI  58  5 

Safety  in  Mines  Research  Station,  Buxton,  Er.g. 

SHAPED  CHARGES.  XXVHL  THE  END  EFFECT. 
V.  PLANE-ENDED  CYLINDERS  OF  CAST 
30/70  C E/TNT,  by  D.  W.  Woodhead.  July  1948, 
18p.  lncl.  tllus.  tables,  diagrB.  (Rept  no.  ■ 

E.  1BI;  Inclosure  1  to  MA,  London  rept.  no. 
R7269-48)  Confidential 

Measurements  were  made  by  a  photographic  method 
of  the  initial  velocities,  and  the  velocities  over 
5-cm.  intervals  up  to  a  distance  of  "5  cm. ,  of  the 
shock  wave  from  Ike  ends  of  plane  ended  cylinders 
in  various  diameters  and  lengths  and  detonated  un¬ 
confined.  Previously,  it  had  been  found  that  the 
magnitude  of  the  pressure  on  the  axis,  as  measured 
by  a  piezoelectric  gage,  was  below  ihe  values  cal¬ 
culated  from  the  measured  wave  speed  by  means 
of  ihe  RankLie-Hi'gunolt  relationship.  It  was  con¬ 
cluded,  from  a  further  Int  estigatioa  of  the  end 
effect,  that  the  use  of  a  theoretical  relationship  to 
calculate  the  pressure  In  a  shock  wave  of  measured 
speed  led  to  erroneous  results  when  the  shock  wave 
was  not  freely  expanding. 


L1580 

Safety  in  Mines  Research  Station,  Buxton,  Eng. 
CONTROLLED  AND  DIRECTIONAL  FRAGMEN¬ 
TATION.  IL  EFFECT  ON  (A)  THICKNESS  OF 
PLATE  AND  (B)  DESIGN  OF  CHARGE,  by 
H.  Titman.  June  1942,  2p.  Ulus.  (Rept,  no. 

E.38;  AC  2363,  July  17.  1942;  Phys/Ex.  445; 

SD/FF.  IT;  SC4.  !4;  OSRD  Liaison  OIIlcc  WA-188- 
16)  Confidential 

Experiments  wore  carried  out  to  increase  the 
weight  of  fragments  without  decreasing  their  num¬ 
ber.  Previously,  it  was  pointed  out  that  the  charge 
was  designed  to  give  a  detonation  wave  as  flat  as 
possible  In  order  to  make  the  difference  Ln  time  of 
arrival  of  the  wave  at  the  center  and  edge  of  the 
plate  as  short  as  possible.  Experiments  made  to 
test  the  validity  of  this  reasoning  are  reported. 

L1587 

Safety  ln  Mines  Research  Station,  Buxton,  Eng. 
CONTROLLED  AND  DIRECTIONAL  FRAGMEN¬ 
TATION.  HL  TESTS  OF  COMPARATIVE 
DAMAGE  CAUSED  BY  FRAGMENTS  OF  DIF¬ 
FERENT  SIZES,  by  H.  Titman.  July  1942,  2p. 

Ulus.  (RepL  no.  E.41;  AC  2364,  July  17,  1942; 
SD/'FP.  18;  SC. 4. 15;  OSRD  Liaison  Office  WA-1B8- 
17}  Secret 

The  number  of  fragments  from  a  single  shot  could 
be  varied  from  1  disc  weighing  675  g.  to  about  70 
pieces  of  between  4. 0  to  7. 5  g.  weight.  Tests  were 
made  to  determine  the  extent  of  the  damage  which 
these  fragments  could  cause,  and  how  the  damage 
varied  with  particle  size. 

L15G8 

Safety  ln  Mines  Research  and  Testing  Station,  Buxton, 
Eng. 

CONTROLLED  FRAGMENTATION.  XXVHL 
APPLICATION  OF  GROOVED  CHARGE  PRIN¬ 
CIPLE  TO  SPIN-STABILIZED  SHELLS.  I,  by 
H.  Titman  and  T.  W.  Taylor.  July  1949,  [24]p. 
ir.cL  illus.  tables.  (Rept.  no.  E.  185;  Inclosure 
1  to  [MA  London]  rept.  nD.  R3474-49) 

Confidential 

The  grooved-charge  method  of  controlling  frag¬ 
mentation  using  fluted  paper  liners  successfully 
developed  with  the  3-in.  UP  casing,  was  applied 
to  gun  shells.  Results  from  2  series  of  tests  are 
discussed.  A  number  of  static  firings  were  made 
to  determine  the  efficiency  ol  different  types  of 
liners  with  different  pattern  sizes.  Gun  tests 
were  made  for  recovery  and  examination  of  shells  , 
filled  with  high-explosive  substitute  and  fitted  with 
liners  of  different  materials  and  patterns.  Static 
test  results  showed  t!>at  the  fragmentation  of  a 
gun  sftell'having  a  cylindrical  cavity  could  be 
successfully  controlled  within  limits.  The  best 
control  was  obtained  with  grooves  having  a  75° 
apex  angle.  All  the  liners  used  caused  fragmen¬ 
tation  appreciably  courser  than  natural  fragmen¬ 
tation.  Gun  test  results  showed  that  all  fluted  Cu 
liners  failed.  The  spin  forces  caused  the  flutes 
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to  be  flattened,  and  together  with  set-back,  caused 
considerable  crumpling  of  the  liner  and  charge. 
Resists  with  fluted  paper  Uners  were  encouraging. 
Of  the  15  paper  liners  recovered,  1  was  crumpled, 
5  were  only  slightly,  or  very  slightly  crumpled,  and 
9  were  in  good  condition. 

L15SB 

Sageb  (Sociele  Anonyme  de  Gestion  ct  d'Exploitation 
dc  Brevet,  Fribourg,  Switzerland).  EXPLOSIVE 
MISSILE.  Bulgarian  patent  no.  4281;  Category 
AI,  class  no.  4;  Nov.  7,  1949.. 

The  patent  describes  an  explosive  missile  that 
can  be  used  as  a  bomb,  torpedo,  grenade,  or  mine. 
The  projectile  contains  several  hollow  bodies 
inside  of  its  explosive  charge  which,  under  the 
action  of  pressure  developing  in  the  course  of 
detonation,  change  in  shape  to  become  more  and 
more  condensed,  striking  the  target  with  the  ac¬ 
crued  initial  velocity  of  Ihe  shell.  This  Increase 
of  velocity  is  realized,  according  to  the  invention, 
by  the  distribution  within  the  explosive  charge 
of  several  detonators.  The  missile  ts  actuated 
either  by  a  nose  fuze  acting  through  a  Hash  tub?  or 
by  a  rigid  firing  pin  extending  from  the  ogive  to 
the  base-detonating  fuze. 

L15S0 

"Saskatchewan  U.  (Canada). 

OPTICAL  INVESTIGATIONS  OF  INITIATION  AND 
DETONATION,  by  G.  Herzberg  and  G.  R.  Walker. 
(Pro),  no.  XR-84,  in  5  parts  dated  Mar.  1945- 
Mar.  1949)  Confidential 

Measurements  of  detonation  velocity  have  been 
made  for  several  compositions  with  an  accuracy 
of  0. 1  to  0. 2%.  A  Mach  detonation  wave  is  formed 
when  2  plane  detonation  waves  Intersect,  providing 
that  their  directions  of  propagation  differ  b7  an 
angle  which  is  less  tlian  some  critical  value. 

(Authors'  abstract), 

L1531 

[School  of  Military  Engineering  (Gt.  Brit.)]. 

ROAD  CRATERING  TRIALS  CARRIED  OUT  AT 
USWORTK  AERODROME.  May  29,  194'.',  lGp. 
incl.  illus.  tables.  (Rept.  no.  2;  Inclosure  1  to 
MA  London  rept.  no.  R3856-47)  Restricted 

Tests  were  made  with  30-lb.  nesting  Beehives  at 
standoffs  up  to  3  it.  for  road  cratering.  The 
charges  were  unsatisfactory  because  the  blast 
from  the  Beehive  created  a  surface  crater,  and 
increased  the  work  required  to  tamp  the  charge. 
Also,  the  loose  debris  blocked  the  main  hole 
drilled  by  the  Beehive.  Tests  were  made  with 
6-in.  Beehives  at  standoffs  up  to  3  ft.  Holes  up 
to  1. 5  ft.  in  diameter  '.ver  s  punched  through  the 
concrete  and  penetrated  the  ground  to  depths 
varying  from  2. 3  ft.  to  4  it.  The  bottoms  of  these 
holes  were  lilted  with  lnos-j  rubble.  The  best 
penetration  with  least  surface  damage  was  ob¬ 
tained  with  a  standoff  of  1.  5  to  l.'-’S  ft. 


L1592 

SHAPED  CHARGE  DEMONSTRATION  A  SUCCESS. 

Pit  and  Quarry,  v.  42,  Nov,  1949:  S7-98+, 

A  new  method  of  secondary  blasting  for  reduction 
of  boulders  to  crusher  size  was  demonstrated  by 
Its  inventor,  L.  S.  Byers,  at  Logan  quarry  of  the 
Granite  Rock  Co. ,  Watsonville,  Calif.  The  method 
consisted  of  placing  a  packaged  charge  of  explo¬ 
sive  upon  boulders  without  mud-capping  or  arti¬ 
ficial  covering  of  any  kind.  The  blasting  elfect 
was  initiated  within  the  package,  or  container,  by 
use  of  apexes  or  planes  so  designed  as  to  produce 
a  plurality  of  explosive  jets  which  created  both  a 
penetrating  and  ripping  effect  at  their  point  of  . 
convergence.  The  majority  of  boulders,  estimated 
to  weigh  from  1.  5  tons  to  approximately  20  tons 
each,  wore  broken  to  1005&  crusher  size  at  the 
first  blow,  with  a  noticeable  absence  of  fines. 
Photographs  show  the  results. 

L1593 

[Sociele  Anonyme  Beige  de  Mechnnique  et  d'Armement]. 
ENERGA  ANTITANK  RIFLE  GRENADE  [MODEL 
50).  [1950],  1 5p.  incl.  illus.  (Inclosure  3  to 
OHD-TRART-LR-239,  Rept.  on  French  and 
Belgian  Developments  Antitank  Rocket  Launchers 
and  Rifle  Grenades  from  US  User  Representative 
for  Infantry)  Secret 

The  Energa  grenade  weighs  only  0. 1  as  much  aa  a 
conventional  75- mm.  projectile.  This  grenade  is 
capable  of  perforating  200-mm.  arrror  of  Brinell 
Hardness  no.  240  and  easily  defeats  lOO-mm.  case 
hardened  platec  at  60°  obliquity.  In  use  against  tank 
targets,  the  grenade  usually  causes  fires.  The 
Energa  Model  50,  fitted  with  a  rigid  monoblock 
tail  unit,  is  very  stable  In  flight  even  in  wind 
gusts.  At  a  range  of  7R  m. ,  grenade  groupings, 

43  cm.  x  40  cm. ,  are  common.  Safety  devices 
prevent  premature  detonation  by  drop  or  shock. 

La  addition  a  hard  rubber  cap  is  used  to  piotect  the 
fuze  against  any  deformation.  New  processes  have 
provided  improved  grenade  watertlghtness  and 
protection  of  all  its  metal  surfaces. 

L1S94 

[Societe  Anonyme  Beige  de  Mechanique  et  d'  Armemenl], 
THE  ENERGA  BL1ND1CIDE  (MODEL  1950). 

[1950],  28p.  Incl.  illus.  dlagrs.  (Inclosure  4  to 
ORD-TRART-LR-239,  Rept.  on  French  and 
Belgian  Development  Antitank  Rocket  Launchers 
and  Rifle  Grenades  from  US  User  Representative 
for  Infantry)  Secret 

The  Energa  BUndicide  is  an  antitank  weapon  for 
use  at  ranges  from  110  to  330  yd.  The  projectile 
perforates  more  than  200-mm.  armor.  Bursting 
on  a  skirting  plate  set  in  front  of  a  thicK  armor 
plate,  the  projectile  will  perforata  both  o.  them.  . 
The  Blindtcide  can  be  used  for  destroying  not  only 
tanks  but  trucks,  armored  trains,  and  various 


"Reference  r.ot  verified  in  the  original 
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equipment.  The  projectile  gives  good  results  on 
niasonery.  A  600-mm.  concrete  wall  is  easily 
demolished  or  pierced. 

LI  £95 

Societe  Indus  trielle  d'Entreprise  et  de  Mecanlqjie, 

France  (Seine). 

IMPROVEMENTS  IN  DEMOLITION  CHARGES. 
(PATENT,  GRADE  14-CLASS  3)  (Pcrfectionne- 
ments  aux  charges  de  demolition.  (Brevet  d' inven¬ 
tion,  gr.  14-cL  3)).  French  paterit  no.  921,405, 
May  7,  1947. 

The  invention  claim  states  that  demolition  charges 
are  improved  by  creating  a  eavJty  along  the  length 
of  the  explosive  charge.  It  is  also  claimed  that  a 
liner  of  metal  or  some  other  substance  increases 
the  destructive  effect  The  claim  Is  concerned  only 
with  linear  charges. 

L159G 

[Source  unknown], 

MAKE-UP  CHARGES,  n.ci. ,  p.  5-11,  Appendixes 
A,  D,  and  E.  (Inclosure  1  to  MA  London  rept. 
no.  £6711)  Confidential 

Brief  descriptions  are  given  of  the  75-lb.  Beehive) 
6-in.  Beehive,  unit  Hayrick,  General  Wade  charge, 
and  the  pull  Igniter  delay  detonator, 

L1527 

[Source  unknown]. 

EVIDENCE  OF  NUCLEAR  TRANSMUTATION  IN 
THE  COURSE  OF  CERTAIN  TYPES  OF  EX¬ 
PLOSIONS  OF  NITRO  COMPOUNDS,  by  Z.  Fon- 
berg.  Nov.  14,  1949,  Bp.  inch  Ulus,  dlagrs. 

Unclassified 

The  explosion  process  was  investigated.  It  Is 
believed  tiiat  "specially"  shaped  charges  of  cer¬ 
tain  nitro  compounds  exhibited  evidence  of  nuclear 
transmutation  due  to  the  forces  present  In  the 
course  of  an  explosion.  It  is  pointed  out  that  "trans¬ 
mutation  by  means  of  explosion  may  create  the 
possibility  of  producing  comparatively  large 
amounts  of  radioactive  isotopes  in  a  simple  and 
inexpensive  manner".  Precautions  to  be  taken  in 
order  to  achieve  the  desired  results  are  given. 

L1598 

[Source  unknown], 

SPECIFIC  CONCENTRATION  OF  ENERGY  AND 
ITS  EFFECT  IN  THE  COURSE  OF  EXPLOSION 
OF  HOLLOW  CHARGE,  by  Z.  Fonberg,  May  19, 
1950,  3p.  Unclassified 

Consideration  .was  given  to  a  shaped  charge  In  the 
form  of  a  thick-skinned  sphere  In  which  initiation 
of  the  explosion  took  place  simultaneously  at  all 
points  of  the  outer  surface.  It  Is  pointed  out  that 
the  over-all  Increase  of  energy  of  large  shaped 
charges  seemed  to  lie  due  to  accentuated  rearrange¬ 
ment  of  electronic  structure  of  the  atom  rather 


than  to  the  alteration  of  the  nucleus.  "The  detona¬ 
tion  of  a  large  hollow  charge  will  produce  near  the 
renter  of  explosion  a  zone  of  low  temperature  which 
cannot  be  explained  entirely  by  adiabatic  expansion 
only,  but  rather  infer  the  possibility  of  absorption 
of  energy  by  residual  atoms  regaining  their  ground 
slate  after  explosion.  Action  of  radiant  energy  dur¬ 
ing  explosion  resulting  in  production  of  radioactive 
Isotopes  can  be  observed  if  appropriate  elements 
will  form  the  background  for  this  action.  Superficial 
observation  of  explosion  of  certain  compounds 
arranged  In  hollow  charges  rather  indicate  large 
over-all  increase  of  energy  in  comparison  to 
detonation  of  the  same  amount  ui  identical  explo¬ 
sives  as  solid  charges." 

LI  599 

SOVIET  ANTITANK  CAPABILITIES.  Intelligence 
Review,  no.  187,  Dec.  1951:  47-54-  Secret 

The  Soviet  Army  employs  a  portable  bazooka-type 
shaped  charge  weapon  as  the  basic  infantry  anti¬ 
tank  weapon.  This  weapon  is  behoved  to  be  a  copy 
of  the  German  Panzerfaust  250,  although  of  greater 
range  and  accuracy-  It  is  believed  that  this  weapon 
should  be  capable  of  penetrating  8  in.  of  armor  ai 
30°  and  200  yd.  The  Soviets  a>so  are  known  to  have 
a  larger,  wheeled,  crew -served  weapon  which  In- 
believed  to  be  a  smooth  bore,  recoilless  type  that 
fires  a  fin-stabilized  shaped  charge  round.  No 
performance  data  are  known.  It  Is  pointed  out  that 
Soviet  shaped  charge  (HEAT)  ammunition  is  all  of 
the  spinning  type  and  Is  relatively  inefficient, 

1,1  GOO 

SOVIET  ANTITANK  HAND  GRENADES.  Ordnance 
Intelligence  Summary,  v.  2,  serial  no-  8,  May  15, 
1951:  2-3.  Confidential 

Captured  Soviet  shaped  charge  hand  grenades  (Rpg 
43  and  Rpg  6;  received  by  Aberdeen  Proving 
Ground  are  described  briefly.  These  grenades 
are  used  against  tanks,  armored  cars,  and  armor 
plate  shielding  pill  boxes.  • 

LI  601 

Sprengstoff-Versuchs-Cesellschaft  m.b.H.,  Berlin- 
Dahlem. 

3.7-CM,  SHAPED  CHARGE  GRENADE  AND 
SHAPED  CHARGE  PROJECTILE  DEVELOPMENT 
(3.7-cm.  HL-Grunate  und  HL-Geschossentwick- 
lung).  Mar.  31,  1943,  3p.  (OTIfi  rept.  no.  1249, 
-Mlsc.2  -  In  German)  Unclassified 

In  an  Investigation  to  eliminate  spin,  tests  were 
made  with  boltlc-shaped  liners  to  determine 
whether  the  penetration  of  the  shell  increased. 
Results  were  satisfactory,  and  an  Increase  in 
penetration  wan  noted  for  spin-free  and  spinning 
shells.  Experiments  were  also  conducted  with 
egg-shaped  grenades  in  which  the  charge  was 
housed  in  a  steel  container,  the  latter  floating  In 
the  outer  shell  of  the  grenade.  Tests  were  made 
also  with  projectiles  having,  rotating  casing  heads 
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and  bottle-shaped  liners  attached  to  the  tinned 
casing  in  such  a  manner  that  the  air  stream  braked 
the  finned  casing,  thus  eliminating  the  spin. 


Sprengstoff-Versuchs-Gesellschoft,  m.b.H. ,  Berlin- 
Dahlem. 

INVESTIGATIONS  CARETED  OUT  ON  THE  6.  6 
CUP-SHAPED  ARMOR-PIERCING  GRENADE 
FOR  THE  PURPOSE  OF  INCREASING  THE 
ARMOR-PIERCING  EFFECT  (untersuchungen 
an  der  6.  6  Schiessbecher  Panzergranate  zur 
Steigorung  der  Panzerbrechenden  Wlrkung). 

Oct.  16,  1944,  15p.  tables,  diagrs.  (Rept. 

no.  146;  Trans,  as  OTIB  rept.  nD.  1149,  9p.  incl. 

tables)  Unclassified ' 

The  development  and  tests  of  bottle  shaped  liners 
Tor  shaped  charge  armor-piercing  shells  for  the 
6.  6  (cm  ?)  grenade  launcher  art  reported.  The 
effects  of  wall  thickness  and  standoff  were  also 
studied. 


Stanford  Research  Institute  (DA-04-200-ORD-257). 
STUDY  OF  LINER  MATERIAL  FOR  SHAPED 
CHARGES,  by  T.  C.  Poulter.  Progress  rept. 
no.  1,  July  1-Dec.  1,  1953.  Dec.  10,  1953,  2p. 
(SRI  proj.  no.  PU-663)  Confidential 

An  X-ray  diffraction  technique  was  perfected  for 
detecting  crystal  orientation  segregation  and 
mapping  it  with  respect  to  the  liner's  surface  in 
an  attempt  to  account  for  the  erratic  performance 
of  supposedly  Identical  liners.  Various  liners 
were  Inspected  by  this  method  and  striking  dif¬ 
ferences  were  obtained.  Firing  tests  will  be 
conducted  in  an  attempt  to  correlate  the  X-ray 
diffraction  data  with  the  actual  shaped  charge 
liner  performance. 


Stanford  Research  Institute  (DA-04 -209-ORD-257). 
THE  MECHANISM  OF  FLOW  IN  CONDENSED 
PHASES,  by  E.  F.  Poncelet.  Feb.  IS,  1954,  £p. 
illus.  diagrs.  (SRI  proj,  no.  C.U-8C3,  Technical 
rept.  no.  1)  AD-29  642  Unclassified 

Research  was  initiated  to  determine  the  effects  of 
extreme  pressure  on  the  physical  properties  of 
shaped  charge  liner  materials  during  jet  formation. 
In  support  of  this  objective,  a  theoretical  Invetti-  • 
gallon  was  made  of  the  mechanism  of  flow  in  con¬ 
densed  phases  as  developed  by  Dr.  E.  F.  Poncelet. 
It  is  shown  that  the  application  of  the  theory  of 
elasticity  to  the  physical  concept  of  the  nature  of 
condensed  phases  gives  a  complete  understanding 
of  the  meclianism  of  flow  and  of  the  various  phe- 
ncrr.rna  associated  with  it  (t\  g.  viscosity  And  mte 
of  flow).  No  assumptions,  such  as  the  presence  of 
■'internal  friction",  are  required.  This  study  may 
eventually  indicate  the  reasons  for  the  erratic  be¬ 
havior  of  apparently  identical  shaped  charge  liners. 


Stanford  Research  Institute  (DA-04-200-CRD-257). 

A  STUDY  OF  LINER  MATERIAL  FOR  SHAPED 
CHARGES;  THE  EFFECT  OF  CRYSTAL  ORIEN¬ 
TATION  ON  JET  FORMATION.  Mar.  15,  1954, 
12p.  illus.  diagrs.  (SRI  proj.  no.  GS-S63, 
Technical  rept.  no.  2)  AD-31  523  Confidential 

A  nondestructive  X-ray  diffraction  method  was 
developed  for  determining  the  crystal  orientation 
pattern  of  a  shaped  charge  liner.  Correlation  of 
this  pattern  with  charge  performance  is  being 
studied.  This  method  was  used  to  examine  a 
3  1/8— in.  diameter,  42.5°  liner  drawn  from  a 
rolled  sheet  Cu  blank  and  3  3/8-in.  diameter, 

42.  5°  liner  formed  by  deep  drawing  from  a  pellet 
instead  of  a  rolled  sheet.  The  liners  were  loaded 
into  046-g.  C2  charges  and  fired  into  5  3-in.  steel 
blocks  at  1.  5  cone  diameters  standoff.  The  per¬ 
formance  of  these  charges  gave  reasonably  good 
agreement  with  the  prediction  based  on.  X-ray 
diffraction  orientation  diagrams.  In  addition,  7 
liners  manufactured  by  various  methods,  were 
inspected  and  their  performances  predicted.  These 
liners  will  be  test  fired  at  the  Ballistic  Research 
Laboratories  and  the  correlations  between  pre-  ■ 
diction  and  performance  obtained. 


Stanford  Research  Institute  (DAI-04-200-TQ3-5204- 
ORD-(P)-l). 

MISZNAY-SC HARDIN  MINE.  PART  I.  THEORY. 
TART  II.  EXPERIMENTAL.  PART  HI.  CAL¬ 
CULATIONS,  by  T.  C.  Poulter  and  E.  F.  Poncelet. 
Interim  rept.  no.  1,  Jan.  15-May  15,  1953. 

June  1,  1953,  2v.  incl.  Illus,  tables.  AD-13  748 

Secret 

The  physics  of  the  detonation  process  was  studied 
to  obtain  design  parameters  and  formulas  for  the 
construction  of  a  land  mine  capable  of  penetrating 
any  expected  tank  armor-plate  thickness.  Factors 
affecting  the  velocity  imparted  to  .a  metal  plate  by 
an  explosive  were  analyzed.  Those  appearing 
determinative  were:  (1)  the  impulse  from  the 
detonation  zone  of  the  over-all  detonation  process; 
(2)  the  impulse  from  the  static-pressure  portion 
of  the  deflagration  zone  between  the  detonation 
zone  and  the  relief  wave;  (3)  Ihe  impulse  of  the 
deflagration  zone  behind  the  relief  wave  due  to 
self-confinement  of  the  explosive;  ar.d  (4)  impulses 
resulting  from  external  confinement  of  the  ex¬ 
plosive.  An  analysis  of  the  effect  of  curvature  of 
the  detonation  front  on  the  detonation  rate  and  a 
study  of  fhe  theory  of  detonation  showed  that  3 
conditions  must  be  met  to  achieve  a  maximum 
plate  velocity  with  a  minimum  of  explosive:  (1) the 
detonation  must  be  concave  and  approach  a  curved 
metal  plate  normal  to  the  convex  surface;  (2)  the 
ratio  (Qv)  of  the  volume  of  explosive  to  the  volume 
ot  metal  plate/unit  area  of  explosive- to- metal 
interface  must  be  a  maximum  at  the  edge  of  the 
liner  to  compensate  for  the  lack  of  self- confine¬ 
ment  at  the  charge  periphery;  and  (3)  the  liner 
must  be  comparatively  thin  for  a  high  Qy  ratio.  . 
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Charges  ol  the  theoretical  design  gave  penetra¬ 
tions  of  up  to  9  In.  with  a  1.  5-lb.  C3  charge  and 
a  1/16- in. ,  4-m.-diamater  steel  liner  with  a 
4 -in.  radius  of  curvature.  (AST1A  abstract) 

L1607 

Stanford  Research  Institute  (DAI-Q4-2Q0-TQ3-52Q1- 
ORD-(Pi-I). 

MISZNAY-SCHARDIN  MINE.  PART  IV.  HOLE 
DIAMETER  VS.  PENETRATION,  byT.  C.  Foulter 
and  J.  !3urgess.  Interim  rept.  no.  1.  Dec.  31, 
1953,  lv.  incl.  illus.  diagrs.  .AD-35  056 

Secret 

Charges  were  fired  using  liners  0.125  and  0.062 in. 
thick  In  which  the  radius  of  curvature  was  varied  In  ■ 
8  steps  from  3  in.  to  8  In.  An  analysis  of  data 
from  tests  with  these  charges  shows  that  It  Is 
possible  to  vary  the  hole  diameter  from  1  in.  to 
more  than  4  in.  with  corresponding  penetrations 
into  steel  ranging  from  more  than  10  in.  to  1  in. 

Ar,  analysis  of  the  relation  ol  the  volume  of  the 
hole  to  the  curvature  of  the  iincrs  reveals  that 
liners  witli  small  curvatures  create  holes  by  Jet- 
type  penetration,  whereas  liners  witli  large  curva¬ 
tures  cause  high  velocity  slug-type  penetration. 

(Contractor's  abstract) 


give  the  deepest  penetration.  It  Is  aiso  concluded 
that  the  height  of  the  cavity  must  not  be  greater  than 
half  the  height  of  the  charge. 

L1610 

Task  Force  68,  Atlantic  Fleet. 

APPENDIX  FCUPTEEN.  REPORT  ON  DEMOLI¬ 
TION  IN  THE  ICE  FIELDS.  1947,  [13]p.  nius. 
tables,  diagrs.  (In  Rept.  ol  Operation  Highjump, 

US  Navy  Antarctic  Development  Project  1947  v  3 
Conlldentlal,  TIP  C95)  Co'niidentl’al  ’ 

Demolition  charges  M2  and  M3  and  linear  shaped 
charges  were  ilred  into  bay  ice  in  penetration  tests 
conducted  under  Operation  Highjump  at  the  Bay  ol 
Whales  in  Feb.  1346.  Tabular  data,  including 
weight  ol  explosive,  crater  widtn  and  depth,  standoff 
distance,  liner  material,  etc.,  arc  given. 

L1611 

• 

Technical  and  Engineering  Division,  Redstone 
ArsenaL 

ENGINEERING  ANALYSIS  OF  ANTITANK 
GUIDED  MISSILE  FS10,  by  A.  H.  Bryan  and  others. 
June  27,  1952,  {7B]p.  incL  illus.  tables,  diagrs. 

TIP  S2584  Secret 


L1608 

SukharevskiY,  M. 

INVESTIGATION  OF  THE  BRJSANT  ACTION 
OF  EXPLOSIVES  BY  MEANS  OF  A  CUMULA¬ 
TIVE  WAVE  (Issledovanie  voprosa  o  vozmozhr.osti 
uvelichenilh  brizantnogo  deistviul  vzryvchatykh 
veshchcstv  metodom  kumullafSlonnot  volny), 
Tekhnika  i  Snabzhenie  Krasnof  Armll  (changed  to 
Voina  i  Tekhnika),  no.  170,  Jan.  1925:  13-18- 
no.  177;  Feb.  1925:  13-18. 

Shaped  charges  and  detonators  are  examined.  The 
author  disagrees  with  the  Neumanns  and  explains 
the  shaped  charge  effect  as  a  result  of  heat  formed 
by  the  colliding  gas  waves  coming  from  opposite 
sides  of  the  charge. 

L1609 

SukharovskiT,  M. 

ABOUT  THE  PHENOMENA  RESULTING  FROM 
THE  DETONATION  OF  HOLLOW  CHARGES, 

AND  THE  PRACTICAL  VALUE  OF  THE  ADAP¬ 
TATION  OF  THE  PRINCIPLE  OF  THE  HOLLOW 
BLASTING  CHARGE  IN  BLASTING  TECHNIQUES 
(O  iavleniiakh,  proiskhodiashchikh  pri  vzryve 
pustotelykh  patronov,  i  o  prakticheskom  znacheuii 
primeneniia  prinfsipa  pustotelykh  patronov  i 
zun.Vcv  v  podryvnoftekhnike).  Voina  1  Tekhnika. 
no.  263,  Jan.  192G:  18-24. 

Early  work  in  the  Held  of  shaped  charges  is  com¬ 
mented  upon.  The  author’s  theory  that  heat  is  the 
primary  cause  of  the  shaped  charge  effect  is  re¬ 
peated.  Experiments  with  conical,  square,  and 
semicircular  (he  nispherical)  cavities  are  reported, 
2nd  it  is  concluded  that  hemispherical  cavities 


An  engineering  analysis  was  made  of  the  French 
antitank  guided  missile  ES10,  a  low-altitude, 
subsonic,  rocket-propelled  vehicle  carrying  a 
6.  5- In.  shaped  charge  warhead  weighing  6. 6  lb. 

L1612 

Technical  Division,  Picatinny  ArsenaL 

EXAMINATION  CF  UNFIRED  75-MM.  HOLLOW 
CHARGE  HE  SHELL,  COMPLETE  ROUND  OF 
GERMAN  HOWITZER  AMMUNITION  (FMAM-330) 
by  A.  B.  Schilling.  First  and  final  rept.  Nov.  17 ' 
1944  2 Op.  incl.  Ulus,  tables,  diagrs.  {Technical’ 
rept.  no.  1454)  Confidential 

An  examination  was  made  of  a  75-rnrn.  hollow 
charge  HE  shell  for  a  German  Howitzer.  This 
semi-fired  round  consisted  of:  (1)  a  point  fuzed 
thin-walled  HE  shsH,  leaded  with  a  p,yer  wrapped 
soaped  charge,  which  contained  a  '^"-shaped  liner- 
and  (2)  a  short  percussion  primed  brass-coated  ’ 
steel  cartridge  case  containing  a  S  zone  propelling 
charge  of  discs  of  nitroccllulccc-nltroglvcerln 
sheet  powder  retained  in  the  case  by  a  pressed 
paper  board  closing  cup. 

L1613 


Tecnnical  Division,  Picatinny  Arsenal. 

LOADING  CHARACTERISTICS  OF  70/39  AND 
65/35  CYCLOTOL,  by  P.  B.  Tweed.  First  and 
final  rept.  Jan.  3,  1945,  4p,  ln-i.  tables.  {Tech¬ 
nical  rept.no.  1483)  Confidential 


An  Investigation  was  iuf.de  to  determine  the  effec¬ 
tiveness  of  the  Cyclotols  for  rhaped  cliarges,  using 
steel  tubes  containing  M9A1  liners.  Average  depth' 
oi  penetration  data  when  these  tubes  were  fired 
against  1-in.  plates  are  given. 
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L16M- 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  UNFIRED  AP  RIFLE  GRE¬ 
NADE,  JAPANESE  (FMAM-304),  by  A.  B.  Schil¬ 
ling.  First  and  final  rept.  Jan.  10,  1945,  ISp. 
tncl.  diagrs.  (Technical  rept.  no.  1461) 

Confidential 

An  examination  was  made  of  the  Japanese  AP  rifle 
grenade  which  consists  of  a  forward  cylindrical 
charge  having  attached,  at  the  forward  end,  a 
hollow,  blunt  nose  of  sheet  steel.  Within  the  con¬ 
tainer  is  the  shaped  charge  which  has  a  steel  liner 
2. 9  In.  long  with  a  24°  apex  angle. 


L16X5 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  UNFIRED  10. 5-CM. 

(105-MM.)  HOLLOW  .CHARGE  HE  SHELL, 

SHORT  OGIVE,  GERMAN  (FMAM-4C7),  by 
F.  G.  Haverlak.  First  and  final  rept.  Jan.  13, 
1S45,  27p.  inch  Ulus,  diagrs.  (Technical  rept. 
no.  1481)  Confidential 

The  complete  assembly  of  the  German  105-mm. 
hollcw  charge  loaded  HE  shell  consisted  of  a  steel 
shell  body  iuvir.g  a  bl-metal  rotating  band,  a  Zn 
die-cast  nose  threaded  to  the  body,  a  superquick 
point  fuze,  a  paper-wrapped  hollow  bursting 
charge  of  Cyclanite,  and  a  conical  liner  and  flash 
tube  assembled  in  the  charge.  The  flash  tube  was 
a  2  piece  A!  tube,  approximately  3/8  In.  In  diam¬ 
eter  and  H  13/16  in.  long,  extenalng  in  both 
directions  from  the  liner  apex.  The  apex  angle 
was  30’.  Between  the  forward  surface  of  the  liner 
Range  and  a  shoulder  In  the  shell  nose  were  2  paper 
charge  liner  washers  and  2  fiber  shell  nose  spacers 
used  to  hold  the  charge  against  longitudinal  move¬ 
ment  in  the  siieU. 


LI  616 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  UNrlEED  75-MM.  HOLLOW 
CHARGE  HE  SHELL,  COMPLETE  ROUND,  FOR 
GERMAN  L.  G.  40  (RECOILLESS)  CUN  (FMAM- 
411j,  by  F.  G.  Haverlak.  First  and  final  rept. 

Jan.  18,  1945,  3 Ip.  incl.  tables,  diagrs.  (Techni¬ 
cal  rept,  no.  1487)  Confidential 

An  examination  Is  reported  of  a  German  hollow 
charge  HE  loaded  shell  which  consisted  of  a  point 
fuzed  H"  shell  loaded  with  a  charge  of  Cyclonite 
and  wax  having  a  steel  liner,  and  a  brass-coated 
steel  cartridge  case  with  plastic  insert  in  the  base. 
It  contained  a  bagged  propelling  charge  of  nitro- 
cellulose-DEGN  propellant  and  Igniter  powders 
and  a  percussion  primer. 
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Tcch-ical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  UN  FI  RED  15-CM.  (150  MM.) 
HOLLOW  CHARGE  HE  SHELL,  GERMAN 
(FMAM-514),  by  A.  B.  Schilling.  First  and  final 
rept.  Jan.  19,  1945,  31p.  incl.  tables,  diagrs. 
(Technicaf  rept.  no.  7489 )  Confidential 


An  examination  was  made  of  the  complete  assembly 
of  the  15-cm.  German  hollow  charge  HE  shell 
with  a  superquick  point  luze.  The  liner  used  was 
fabricated  from  rimmed  steel;  an  analysis  of  it, 
made  at  Watertown  Arsenal,  is  reported. 


I 
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L161B 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  UNFIRED  75-MM.  HOLLOW 
CHARGE  HE  SHELL  COMPLETE  ROUNDS  FOR 
GERMAN  PAK  40  GUN  (FMAM-327  AND  -458), 
by  J.  P.  Wardlaw.  First  and  final  rept.  Jan.  31, 
1945,  38p.  Incl.  tables,  diagrs.  (Technical  rept. 
no.  1490)  Confidential 

An  examination  was  made  of  the  rounds  which  con¬ 
sisted  of  point  fuzed  HE  shell  loaded  with  lined 
shaped  bursting  charges.  The  shell  bursting 
charge,  consisting  of  Cyclonite  and  wax,  was  held 
in  place  laterally  in  the  conical  portion  of  the 
cavity  by  a  black  filler  material;  It  was  held 
against  longitudinal  movement  by  a  plastic,  a  cork, 
and  a  steal  washer  assembled  between  the  liner 
flange  and  a  shoulder  In  the  nose.  The  steel  liner 
in  the  forward  pellet  of  the  charge  had  a  rounded 
apex,  and  was  2. 1  in.  long  with  a  27°  apex  angle. 
The  liner  thickness  varied  from  0. 03  in.  at  the 
flange  to  0.  06  In.  at  the  apex.  Crimped  to  the  liner 
at  the  apex  and  extending  to  the  rear  was  an  A1 
flash  tube. 


L1S19 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  10.  5-CM.  (105-MM.)  HOLLOW 
CHARGE  HE  SHELL,  TYPE  C,  (LONG  OGIVE), 
GERMAN  (FMAM-447),  by  F.  G.  Haverlak.  First 
and  final  rept.  Feb.  12,  1945,  22p,  Incl.  tables, 
diagrs.  (Technical  rept.  no.  1488)  Confidential 

Two  German  105-mm.  HE  shells  were  examined. 

The  complete  assembly  consisted  of  a  steel  shell 
body  with  a  sintered  iron  rotating  band,  a  Zn  die- 
cast  nose,  a  paper-wrapped  hollow  bursting  charge 
of  Cyclonite,  a  hemispherical  liner,  and  a  super¬ 
quick  point  fuze.  Tile  hemispherical  liner  was  in 
the  body  of  the  shell  and  sui  rounded  by  the  forward 
porlior.  cf  the  bursting  charge.  An  A1  flash  tube 
was  secured  to  the  liner  at  its  apex  and  extended 
rearward  through  the  bursting  charge  to  a  detonator- 
booster  assembly  in  the  base  of  the  charge  cavity. 
Assembled  flange  to  flange  with  the  liner  was  a 
steel  liner  prctector,  probably  used  to  protect  the 
liner  from  fragments  of  the  fuze  detonator  assembly. 
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L1C2D 

Technical  Division,  Picatinny  ArsenaL 

EXAMINATION  OF  75-MM  HOLLOW  CHARGE 
HE  SHELL  COMPLETE  ROUNDS  FOR  GERMAN 
KWK  40  GUN  (FMAM-455),  by  F.  G.  Haverlals. 
First  and  final  rept.  Mar.  3,  1945,  7p.  illus. 
rabies,  diagrs.  (Technical  rept.  no.  1503) 

Confidential 

A  chemical  analysis  of  the  explosives  and  a 
metallurgical  examination  of  the  shell  and  car¬ 
tridge  case  were  made-  The  complete  round  con¬ 
sisted  of  a  point  fuzed  I1E  shell,  loaded  with  a 
liner1  shaped  bursting  charge  of  Cyclonlte  and 
wax,  a  biass-coated  steel  cartridge  case,  an 
electric  primer,  and  a  bagged  propelling  charge. 


L1621 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  61-MM.  AP  RIFLE  GRE¬ 
NADES,  GERMAN  (FMAM-993),  by  F.  G.  Haver- 
Lik.  First  and  final  rept.  Mar.  7,  1945,  lBp. 
incl.  tables,  diagrs.  (Technical  rept.  no.  1507) 

Confidential 

The  61 -mm.  AP  rifle  grenades  examined  con¬ 
sisted  of  a  base  fuzea,  thin-w?.lled  steel  body  and 
charge  container  loaded  with  a  shaped  Cyclotol  HE 
charge  having  a  shaped  charge  liner,  and  a  thfn- 
wallcd  steel  nose.  The  liner,  mounted  on  an 
internal  ridge  in  the  charge  container,  was  of 
sheet  steel,  2.  81  in.  lor.g  with  a  33°  apex  angle. 
The  wall  thickness  varied  from  6. 024  in.  at  the 
apex  to  0.  074  in.  on  the  flange.  Theapex  end 
was  0. 4  in.  in  diameter,  and  the  liner  base  was 
2. 035  in.  in  diameter. 


L1622 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  46-MM.  AP  RIFLE  GRE¬ 
NADES,  GERMAN  (FMAM-S92),  by  F.  G.  Haver- 
lak.  First  and  final  rept.  Mar.  10,  1945,  7p. 
Incl.  illus.  diagr.  (Technical  rept.  no.  1509) 

Confidential 

An  examination  of  German  46-mm.  AP  rifle  gre¬ 
nades  indicated  that  the  steel  body  and  charge 
container  were  apparently  made  in  1  piece.  The 
conical  charge  liner,  Hanged  with  a  cylindrical 
extension,  was  mounted  on  an  internal  ridge  In 
the  charge  container  with  the  extension  engaging 
the  base  of  the  grenade  nose.  The  line  was  of 
sheet  Steel  2  1/ lo  in.  long  with  a  36°  apex  angle. 
The  avail  thickness  varied  front  0. 025  in.  at  the 
apex  to  0.  036  in.  in  the  flange  extension.  The 
open  apex  end  was  9.  25  In.  in  diameter,  and  the 
conical  portion  base  was  1.44  in.  in  diameter. 

The  flange  contained  6  equally  spaced  holes. 


um 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  JAPANESE  AP  (SHAPED 
CHARGE)  RIFLE  GRENADE  WITH  SPECIAL 
FIN  ASSEMBLY  (FMAM-552),  by  A.  B.  Schilling. 
First  and  final  rept.  Mar.  19,  1945,  2Dp.  incL 
tables,  diagrs.  (Technical  rept.  no.  1511) 

Confidential 

The  Japanese  AP  rifle  grenade  (shaped  charge 
type)  examined  was  assembled  with  a  3-vane 
stabilizing  fin,  a  fuze,  and  an  anemometer-type 
arming  vane.  Tills  design  was  evidently  an  adapta¬ 
tion  of  tlie  Japanese  AP  RlHe  Grenade  (FMAM-304) 
for  use  as  a  light  bomb. 

LI  024 

Technical  Division,  Picatinny  ArsenaL 

EXAMINATION  OF  75-MM.  HOLLOW  CHARGE 
HE  SHELL. COMPLETE  ROUND  FOR  JAPANESE 
TYPE  41  MOUNTAIN  GUN  (FMAM-GG5),  by 
A.  B.  Schilling.  First  and  final  rept.  Apr.  27, 
1945,  25p.  Incl.  tables,  diagrs.  (Technical  rept 
no-  1521)  Confidential 

A  complete  round  of  a  Japanese  75-mm.  hollow 
charge  loaded  HE  shell  was  examined.  It  con¬ 
sisted  of  the  shell  loaded  with  Cyclonlte  TNT,  a 
short  steel  brass-coated  cartridge  case,  a  per¬ 
cussion  primer,  and  a  bagged  propelling  charge. 

A  comparison  of  Japanese  and  German  ammunition 
fs  appended. 

L162S 

Technical  Division,  Picatinny  Arsenal. 

EXAMINATION  OF  75-MM.  HOLLOW  CHARGE 
HE  SHELL  COMPLETE  ROUNDS  FOR  GERMAN 
SHORT  BARREL  TANK  GUN,  1CWK  38  (FMAM- 
260),  by  F.  G.  Haverlak.  First  and  final  rept 
July  11,  1945,  20p.  Incl.  tables,  diagrs.  (Tech¬ 
nical  repl.  r-o.  154b)  Confidential 

The  complete  rounds  of  German  75-mm.  hollow 
charge  HE  shells  examined  consisted  ol  a  point 
fuzed  HE  shell,  loaded  with  a  shaped  bursting 
charge  of  Cyclonlte,  TNT,  and  wax,  a  flanged 
"U"  shaped  liner,  a  brass-coated  steel  cartridge 
case,  an  electric  primer,  ar.d  a  bagged  propelling 
charge.  An  A1  flash  tube,  extending  in  both  direc¬ 
tions  from  the  apex  cl  the  liner,  was  roll-crimped 
to  the  liner  at  the  apex.  The  forward  end  of  the 
flash  tube  encompassed  the  fuze  detonator  and  the 
base  end  surrounded  the  detonator-booster  in  the 
shell  base. 


LI  626 

Technical  Division.  Picatinnv  Arsenal. 

STUDY  OF  RELATIVE  INITIATING  EFFICIENCY 
OF  RDX  IN  DETONATORS,  by  S.  Fleischnick. 
First  and  final  rept.  Aug.  1,  1946,  6p.  tables, 
diagrs.  (Te;hnicai  rept  no.  1G17)  Restricted 

The  Investigation  was  centered  primarily  on  the 
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efficiency  of  RDX  in  detonatats;  experiments  on  In¬ 
denting’  the  base  charge  ard  the  Pb(Nj)2  charge  or 
MIo  detonators,  thus  giving  a  shaped  charge  effect, 
are  also  reported.  The  results  of  these  tests  did 
rot  show  whether  an  indentation  in  the  form  of  a 
code  having  an  apex  angle  o'  120'  produced  a  more 
efficient  detonator  than  an  indentation  In  the  form 
of  a  cone  with  a  60°  apex  angle.  Eurther  experi¬ 
ments  to  determine  the  most  satisfactory  angle 
were,  considered  desirable. 

LI  627 

Technical  Division,  Picatir.ny  Arsenal. 

DEVELOPMENT  OF  IMPROVED  BOOSTERS,  by 
P.  F.  Schaeffer.  Rept.  no.  1.  Feb.  4,  1948, 

6p.  incl.  Illus,  tables.  'ProJ.  no,  TM3-510IA, 
technical  rept.  no.  1677)  Confidential 

To  determine  if  variations  in  detonation  tales  exist 
and  cause  failures  in  penetration,  the  differences  In 
detonation  rates  of  small  shaped  charges  of  1U/90 
Pentolite  and  cast  TNT  with  M9A1  liners  were 
investigated  and  the  penetration  depths  measured. 

The  Per'olite  charges  detonated  at  the  maximum 
rate  without  measurable  build-up  in  rate;  the  TNT 
charges  had  a  low  rate  of  deionation  over  the  first 
In.  of  charge  before  attaining  the  maximum  rate. 

The  average  detonation  rate  for  the  Pentolite 
charges  was  7217  m./sce.  and  the  average  pene¬ 
tration  value  was  4. 3  in.  The  average  detonation 
rate  for  the  TNT  charges  was  somewhat  slower, 
but  tne  penetration  value  was  also  4.  3  in.  Complete 
results  of  the  tests  are  tabulated.  It  was  concluded 
that  variations  in  rates  of  detonation  of  such  charges 
are  not  reflected  by  failures  in  penetrate  steel,  and 
tike  use  of  io/9Ci  Pentolite  instead  cl  cast  TNT  offers 
no  advantage  with  respect  to  effectiveness. 

L1028 

•  Technical  Division,  Picatir.ny  Arsenal. 

INVESTIGATION  OF  FACTORS  ENTERING  INTO 
DESIGN  OF  SHAPED  CHARGES.  (LOADING  AND 
TESTING  OF  HIGH  EXPLOSIVES  IN  SHAPED 
CHARGES),  by  S.  Flelschnlck.  Rept.  no.  1, 

Oct.  14,  1948,  lv.  Inc*.  Ulus,  tables,  diagrs. 

(ProJ.  no.  TM3-52DIC,  technical  rept.  no.  1C6B) 

TIP  C3066  Confidential 

The  Investigation  was  concerned  with  the  causes 
of  non-uniformity  in  performance  of  experimental 
shaped  charges  being  manufactured  for  Carnegie 
Institute  of  Technology  by  Picatlnny  Arsenal  and 
with  methods  of  improving  the  performance  of 
shaped  charges. 

L1629 

Technical  Division,  Ptcallnny  Arsenal. 

MALFUNCTIONING  INVESTIGATION  OF  3.5-IN. 
ROCKET,  HEAT,  T80E2,  by  H.  D.  Rutkovsky. 

.Jan.  1949.  73p.  inch  illus.  tables,  diagrs.  (ProJ. 
no.  TU2-I002,  rept.  no.  1;  Technical  rept. 
no.  1700)  Confidential 

A  study  was  undertaken  to  determine  the  cause  of 
malfunutioningr  u;  3.  5-in.  HEAT  rockets  T80E2, 
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Lots  PA-E-1408  and  -1458.  Results  of  the  investi¬ 
gation  indicated  that  the  motor  closure  threads  of 
the  HEAT  rocket  which  failed  (Lot  PA-E-1456) 
were  undersize:  upon  firing  the  closure  separated 
from  the  motor,  the  rocket  head  being  propelled 
lorwaxd  and  the  motor  being  expelled  to  the  rear 
of  the  launcher.  Inspection  of  the  remaining  62 
rockets  of  Lot  PA-E-1408  repealed  no  missing 
components  or  faulty  assembly.  However,  metal¬ 
lurgical  examination  of  the  fractured  motor  of  1 
rocket  Irom  this  lot  showed  such  minor  defects  as 
a  lap,  seams,  and  undersize  wall  thickness.  It  was 
concluded  that  the  physical  strength  of  the  motor 
should  be  increased  to  withstand  pressures  cf 
145,000  p.  s.1. 

L1C30 

Technical  Division,  Picatinny  ArsenaL 

INVESTIGATION  OF  FACTORS  ENTERING  INTO 
THE  DESIGN  OF  SHAPED  CHARGES  (EFFECTS 
OF  TYPE  OF  BOOSTER,  CHARGE  LENGTH, 
CONFINEMENT,  AND  TYPE  OF  STANDOFF 
SUPPORT  ON  SHAPED  CHARGE  PERFORMANCE), 
by  S.  Fleisclmick  and  D.  E.  Seegesr,  Rept.  no.  2. 

Apr.  25,  1949,  9p.  tables,  graphs,  diagrs.  (ProJ. 
ne.  TM3-5201C,  technical  rept.  no.  1716) 

TIP  C3935  Confidential 

In  comparative  tests  of  bare  and  confined  50/50 
Peritollle  charges  containing  M9A1  steel  liners,  It 
was  found  that  confinement,  eithfr  total  or  at  the 
booster  end  only,  failed  to  have  significant  effect 
on  the  uniformlly  of  penetration.  Total  confine¬ 
ment  increased  Ihe  mean  penetration  depth  approx¬ 
imately  10%.  Totally  confined  charges  3.  5  :n.  long 
gave  slightly  more  uniform  and  lower  results  than 
confined  charges  cf  greater  length.  There  was  no 
significant  difference  In  either  uniformity  of  pene¬ 
tration  or  penetration  depLh  bet  Keen  charges 
tested  with  thick-wailed  standoff  tubes  and  thln- 
walled  standoff  lubes.  Charges  with  a  hollow-type 
booster  (type  3),  in  which  the  bottom  of  the  deto¬ 
nator  was  tn  direct  contact  with  the  main  explosive 
charge  and  surreunded  by  the  boaster  explosive, 
gave  penetration  depths  sltghlly  loss  than  charges 
with  the  solid  type  of  booster  (type  1),  in  which 
the  detonator  was  set  on  top  of  the  booster  ex¬ 
plosive.  or  with  the  half-60111,  half-hollow  type 
of  booster  in  which  the  detonator  was  set  half-way 
into  the  booster.  In  tests  of  totally  confined 
charges,  the  type  3  booster  yielded  slightly  more 
uniform  results.  An  apparent  correlation  be¬ 
tween  dispersion  and  charge  length  was  found 
which  suggested  the  use  of  a  short  and  uniform 
charge. 

L1631 

Technical  Division,  Picatlnny  ArsenaL 

DEVELOPMENT  OF  IMPROVED  DETONATORS,  ’ 
by  S.  Fleischntek.  Rept.  no.  2.  Jan.  17,  1950, 

[28]p.  illus,  tables,  diagrs.  (ProJ.  no.  TM-G1C1B, 
Technical  rept.  no.  1751)  TIP  C57293 

Confidential 

The  standard  M22  detonator  and  modified  M22 
detonators.  Indented  at  the  base  by  solid  angles 
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of  60°,  50°,  and  120°  and  by  a  hem  (sphere  ,-sere 
used  to  evaluate  KDX  as  the  base  charge  La  military 
detonators.  In  tae  Pb  Plate  Test  and  in  tests  using 
the  Explosive  Train  Efficiency  Apparatus,  the 
indented-base  detonators  were  more  efficient  than 
the  flat-base  type  as  judged  on  the  basin. of  metal 
disc  perforation.  However,  in  a  new  test  which 
more  ctoseiy  approximates  operating  conditions, 
the  indented  types  were  less  effective  than  the 
f;at-type  detonators  in  initiating  high  explosive 
detonations.  It  was  concluded  that  RBX  is  superior 
to  tetryl  as  a  base  charge  in  military  detonators, 
and  that  the  Indented  base  detonators  are  no  mere 
effective  than  the  flat-base  type. 


of  tetryl.  In  a  static  firing  test  against  5  1-ln, 
mild  steel  plates,  the  grpnade  penetrated  -t.  5  to.' 
of  the  target  material. 


L1634 

Technical  Division,  Picatinny  Arsenal. 

EFFECT  OF  PAINT  ON  THE  LINERS  OF 
SHAPED  CHARGES  ON  THE  PERFORMANCE 
OF  THE  CHARGES  IN  STATIC  PENETRATION 
TESTS,  by  L.  Jabiansky.  Jane;ls,  1S53,  5p, 
diagrs.  (Pro),  no.  TA3-S201,  Memo.  tept.  no.  32) 

Restricted 


L1632 

Technical  Division,  Picatlnny  ArsenaL 

GRENADE,  HAND,  HEAT,  MOD  FtPGB,  FM AM- 
2288,  by  A.  B.  Schilling.  July  1952,  4p.  lllus. 
(Proj.  no.  TB3-0035,  Memo.  rept.  no.  11) 

Confidential 


The  Soviet  grenade  is  composed  of  a  light  steel 
body  having  a  high  explosive  shaped  charge  cf 
cast  TNT,  a  detonator-boaster  assembly,  and  a 
handle  assembly  containing  a  cloth  stabilizer.  The 
following  data  are  available: 


Length  of  grenade 
asseinbiy  (closed 
Weight  of  grenade 
assembly 

Maximum  diameter 
of  grenade  body  flange 
Weight  of  cast  TNT 
charge 

Weight  cf  steel  liner 
Apex  angle  of  liner 
Liner  thickness 
(average) 

Contour  of  head 


13.21  in. 

2.48  lb. 

3. 804  [Iru  j 

1,21  lb. 

0.31  lb. 

40. 5° 

0. 055  in, 

hemispherical 


Photographs  are  included  of  the  partially 'dis¬ 
assembled  grenade  and  of  the  grenade  body  sec- 
tionei  to  show  the  loading  characteristics,  the 
shaped  charge  liner,  and  the  hemispherical  head. 

L1633 

Technical  Division,  Picatlnny  ArsenaL 

EXAMINATION  OF  UN  FI  RED  GRENADE,  HAND, 
■  HEAT,  (SOVIET)  MOD  RPG  6  FMAM-2288,  by 
J.  E.  Capell.  Feb.  13,  1953,  tip.  lllus.  diagrs. 
(Pro),  no.  TU-'J-QPhb,  rept.  ro.  1:  Technical 
rept.  no.  1£7U)  AD-5215  Confidential 

A  technical  examination  of  the  grenade  was  made 
including  the  preparation  of  photographs,  dimen¬ 
sioned  drawings,  and  chemical  analysis  of  the 
explosive  charges.  The  round  contains  a  conical 
steel  Ifner  having  an  apex  angle  of  40. 5°,  *  weight 
of  0.  31  ib. ,  and  an  average  liner  thickness  of 
0. 055  in.  Cast  TNT  (1. 24  ib.)  comprises  tne  ex¬ 
plosive  charge  and  the  booster  charge  Is  39. 55  g. 


Two  series  of  tests  were  made  at  4-fn.  standoff. 

In  the  first  scries,  bare  50/50  penluUle-iuaded 
shaped  charges  of  the  Carnegie  Institute  of  Tech-  . 
nology  type,  containing  unpainted  anti  painted 
M0A2  rifle  grenade  Cu  liners  of  0,  023-in.  wall 
thickness  were  fired  into  mild  steel  targets.  The 
coatings  of  acid-proof  Black  paint  and  olive  drab 
enamel  were  0.002  in.  thick.  In  the  second  series 
of  tests,  2.36-in.  M6A5  rocket  heads  with  un¬ 
painted  and  tainted  Cu  liners  were  employed. 
Again,  the  coating  thickness  on  the  top  and/or 
under  surface  cf  the  liners  was  approximately 
0.  002  in.  It  was  concluded  that  the  paint  coatings 
had  no  appaient  effect  on  the  dispersion  of  pene¬ 
tration  values  or  on  the  average  penetration  depth 
of  the  shaped  ciiarges.  However,  it  was  noted 
that  when  protective  coatings  are  used,  their 
average  thickness  and  variation  In  thickness  rela¬ 
tive ‘to  the  liner  thickness  should  he  held  to  a 
minimum. 


L1G35 

Technical  Division,  Picatinr.y  Arsenal. 

EVALUATION  OF  70/50  CYCLOTOL  AND  75/25 
CYCLOTOL  FOR  USE  IN  HE  AND  HEAT  PRO¬ 
JECTILES,  by  L.  Tablansky.  Aug.  25,  1953,  21p. 
tables.  (Proj.  no.  EP-14,  rept.  no.  1;  Technical 
rept.  no.  1944)  AD-17  262  Confidential 

In  static  tests  if  was  found  that  3.  5-in.  HEAT 
rocket  heads  containing  75/25  Cyclotol  bursting 
charges  penetrated  an  average  of  14.7  to  14.  9  in. 
os  mild  steel.  Similar  heads  using  70/30  Cjclotol 
charges  penetrated  i4.3  ami  14.  4  in.  of  mild  steel 
la  similar  tests.  Under  the  same  conditions,  3.  b-ln. 
HEAT  rocket  heads  filled  with  Comp.  B  penetrated 
14.2,  14.4,  and  14.  6  in.  oi  mild  Steel.  When  the 
105-mm.  M324  HEAT  shell  containing  charges  of 
75/25  Cyclotol,  70/30  Cyclotol,  and  Comp.  B, 
respectively,  was  tested  statically,  similar  dif¬ 
ferences  tn  penetrating  ability  were  evident.  It 
was  concluded  that  the  ability  of  nanrotaied  HEAT 
ammunition  to  penetrate  steel  Is  increased  about 
2  or  3%  by  substituting  75/25  Cyclotol  for  Comp.  B. 
However,  this  advantage  rosy  be  neutralized  by  the 
greater  difficulty  in  meeting  Lite  7 5/2 F  Cyclotol 
cavity  and  density  standards.  In  addition,  there  la  . 
no  apparent  advantage  in  replacing  Cr-mp.  B  with 
70/30  Cyclotol  for  HEAT  rounds.  Penetration  and 
fragmentation  data  are  included. 
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L163G 

Technical  Division,  Plcatlnny  Arsenal. 

DETERMINATION  OF  THE  EFFECT  OF  THE 
USE  OF  A  HOMOGENEOUS  EXPLOSIVE  AND 
OF  LINERS  MADE  IN'  VARIOUS  WAYS  TO 
CLOSE  TOLERANCES  ON  THE  PERFORMANCE 
OF  EXPERIMENTAL  SHAPED  CHARGES,  by 
G.  D.  Clift  and C.  ST.  Jacobson.  Oct.  T6,  1953, 
9p.  illus.  tables,  diagrs.  (Proj.  no.  TA3-5201, 
rept.  no.  3:  Technical  rept.  no.  1975)  A0-23  705 

Confidential 

Fllty-Iour  deaerated  nitroglycerine-loaded  charges 
and  23  50/50  Pentolite-loaded  charges,  hothuslng 
a  variety  of  liners,  were  fired  ia  order  to  deter- 
v*hcthsr  ci  hoErso^n?!?^  in  tho  pxnlo- 
sive  charge  was  a  major  factor  in  the  wide  dis¬ 
persion  frequently  encountered  in  the  depths  of 
penetration  of  shaped  charges.  A  summary  of 
these  firings  at  4-in.  standoff  into  mild  steel 
plates  follows: 


Nitroglycerin-loaded  charges 


Typeof  Cu  cone 

I 

H 

in 

IV 

Machined 

25 

9. 88 

0.275 

2.78 

Drawn 

9 

9.89 

0.326 

3.30 

Electroformed 

10 

9.62 

0.411 

4.27 

(Lot  no.  1) 

Electroformed 

10 

10.03 

9.302 

3.01 

(Lot  no.  2) 

50/50  Fentolite-loaded 

charges 

Type  of  Cucone 

I 

n 

in 

IV 

Drawn 

11 

8.76 

0.554 

6.32 

Electroformed 

3 

8.40 

0.529 

6.30 

(Lot  no.  1) 

Electroformed 

14 

8.73 

0.415 

4.75 

(Lot  no.  2) 

I  =  No.  ol  charges;  H  =  Ave.  penetration  (in.); 

HI  =  Standard  deviation  (in.);  IV=Siandard  deviation 
as  %  of  penetration. 

It  was  concluded  that:  (1)  the  use  of  a  homogeneous 
liquid  explosive  (nitroglycerin)  apparently  pro¬ 
duces  greater  uniformity  of  penetration  than  does 
the  utilization  of  a  heterogeneous  solid  explosive 
(5D/50  Pentolite);  (2)  the  uniformity  of  shaped 
charge  penetration  using  a  solid  or  liquid  explosive 
evidently  Is  not  affected  by  the  manufacture  of  the 
liners  If  reasonable  tolerances  are  maintained; 

(3)  no  apparent  correlation  exists  between  the  depths 
of  penetration  and  the  small  variations  in  wall 
thickness  and  eccentricity  of  the  liners  fired. 


L1037 

Technical  Division,  Picatimiy  Arsenal  (DA5-10-O5- 
006Z). 

ANALYSIS  OF  WARHEAD  AND  FUZE  USED  IN 
THE  ANTITANK  GUIDED  MISSILE  SS10,  by 
T.  Fruchtman-  Dfc.  18,  1953,  12p.  illus.  tables, 
(Proj.  no.  TUI-2050;  Technical  rept.  no.  1982) 
AD-24  479  Confidential;  not  releasable 

to  foreign  nationals 

Analysis  ol  the  French  SS10  antitank  warhead 


showed  that  the  shaped  charge  liner  is  of  a  double¬ 
angle  configuration  with  a  31°  2pex  angle  and  a 
51°  base  angle.  The  Liner  walls  gradually  increase 
In  thickness  from  0.  076  In.  at  the  apex  to  0. 120 in. 
at  the  base.  This  liner  Is  formed  apparently  from 
sheet  Cu,  being  similar  to  that  liner  used  In  the 
French  73-mm.  antitank  rocket.  The  HE  charge 
is  cast  50/50  cyclolol  of  charge  density  1. 67  g./mL 
The  fuze  Is  a  base-detonating>inertia-inltiaUiig  type. 
One  warhead  was  fired  statically  (45°  F)  at  a  stand¬ 
off  cl'  7. 14  in.  into  a  stack  of  30  mild  steel  plates 
(Brlnell  Hardness  no.  103)  1  in.  x  G  in.  x  6  in. 

Total  penetration  was  22.4  in.  The  slug,  approxi¬ 
mately  5  in.  long,  was  lodged  in  the  firs:  5  plates 
and  tapered  from  a  diameter  of  approximately  0.4  in. 
in  plate  no.  1  to  an  oval  ol  0. 9  in.  x  0. 5  In.  in 
plate  no.  5. 


LI  638 

Technical  Division,  Plcatlnny  ArsenaL 

DESIGN  OF  AN  IMPROVED  SHAPED  CHARGE 
LINER  FOR  THE  105 -MM.  T43  HEAT  SHELL, 
by  C.  E.  Jacobson.  Mar.  1954,  lip.  tables, 
diagrs.  (Proj.  no.  EPO-A1-6,  Technical  rept. 
no.  2004)  AD-29  290  Confidential 

Studies  were  undertaken  ‘o  ascertain  why  the  newly 
designed  T34  HEAT  shell  (Pc  Mk  75-14-619A3) 
gave  less  penetration  of  armor,  in  both  static 
and  ballistic  tests,  than  the  shell  ol  previous 
design  (Pc  Mk  75-14-315A2),  and  to  determine  some 
of  the  design  parameters  affecting  armor  penetra¬ 
tion  by  the  105-mm.  T43  HEAT  round.  The  new 
design  employed  a  conical  Cu  liner  and  a  Comp.  B 
explosive  charge  while  the  previous  design  used  a 
steel  liner  and  50/50  Pentolite.  Tests  showed 
that  an  annulus  of  explosive  0. 12-0. 13  In.  wide  at 
the  base  of  the  Cu  liner  caused  the  decrease  In  pene¬ 
tration  performance.  Concerning  the  effects  of 
other  important  variables  on  the  T43  HEAT  shell, 
it  was  found  that:  (1)  maximum  penetration  by 
unrotated  shaped  charges  was  obtained  with  a  liner 
wall  thickness  of  not  less  than  3J  of  the  liner's 
base  diameter;  (2)  liner  thickness  may  vary  0.004  in. 
transversely  in  any  plane  and  0.020  In.  over-all 
without  causing  much  penetration  degradation; 

(3)  in  static  firings  of  unrotaled  T43  HEAT  rounds, 
Comp.  B  was  quite  superior  to  50/50  Pentolite, 
about  equal  to  70/30  Cyclotot,  and  slightly  inferior 
to  75/25  Cyclotol  In  performance;  however,  50/50 
Pentolite  produced  the  came  penetrations  as  Comp. 

B  in  ballistic  tests;  (4)  optimum  standoff  fn  static 
firings  of  the  unrotated  T43  HEAT  sheU  was  6.  bin. 
for  Cu  and  steal  liners:  for  rotated  T43  KEAT  shells 
the  standnfls  were  3  in.  with  Cu  liners  and  2  in. 
with  steel  liners;  (5)  Cu  liners  gave  appreciably 
greater  penetrations  tiian  steel  liners  in  unrotated 
T43  HEAT  shells;  for  rotated  rounds,  there  was 
little  difference. 


231 


SECRET 


SECRET 


SHAPED  CHARGES 


L1639 

Technical  Division,  Plcatlnny  Arsenal. 

DEVELOPMENT  OF  IMPROVED  METHODS  FOR 
CAST-LOADING  RDX/TNT  COMPOSITIONS  AND 
COMPARISON  OF  COMP.  B  AND  50/50  PEN- 
TOL1TE  AS  HE  FILLER  FOR  2.30-IN.  M6 
ROCKET  HEADS,  by  S.  Fleischnick  and 
C.  E.  Jacobson.  Apr.  1954,  9p.  tables,  dlagro. 
(Pi-oJ.  no.  EPO-EP-12,  Technical  rept.  no.  2008) 

Unclassified 

Approximately  400  Comp.  B-loaded  2.36-ln.  HEAT 
rccket  heads,  M0A5  and  1.I5A6,  and  400  similar 
heads  loaded  with  65/50  Pentollte  were  fired 
statically  al,  2-in.  standoff  Into  mild  steel  targets. 
Thp  average  penetration  depths  for  the  Comp.  B- 
loaded  and  50/50  Pentolite-loaded  heads  were 
9. 20  in.  and  8.54  in.,  respectively.  A  correlation 
was  found  between  !h“  extort  to  which  the  bursting 
cnarge  lails  to  fill  the  forward  end  of  the  body 
cavity  to  the  line  of  contact  ol  the. liner  and  body 
and  the  performance  of  the  loaded  head  against  h. 
steel  target.  Poor  penetration  performance  wan 
obtained  from  those  heads  with  larger  voids  at 
the  forward  end  ol  the  bursting  charge.  No  cor¬ 
relation  was  evident  between  the  projected  area 
of  the  cavities  in  the  remainder  ol  the  bursting 
charge  and  the  depth  ol  penetration  In  mild  steeL 
From  these  tests,  it  was  concluded  that:  (1)  the 
penetrating  power  ol  the  2. 36-in.  HEAT  MO-type 
rocket  head  was  increased  about  by  Hie  use  ol 
Comp.  B  rather  than  5C/50  Pentolite;  (2)  M6A5 
and  MGA6  rocket  heads  performed  equally  well  in 
tests. 


L1640 

Toronto  U.  (Canada). 

EXPERIMENTAL  STUDY  OF  DEMOLITION 
CHARGES,  bv  R.  O.  Braun  and  G.  F.  Wright. 

Aug.  15,  1943,  !8p.  ir.ei.  tables.  ([Id-CI(XR-SO)- 
21;  Inclosure  2  to  MA  Ottawa  rept.  no.  R670-48) 

Confidential 

The  investigation  Involved  the  casting  of  mixtures 
more  powerful  than  present  demolition  types,  and 
sensitive  enough  for  complete  detonation  by  a 
blasting  cap  or  Its  equivalent  but  insensitive  to 
shock  such  as  rifle  lire.  Amatol,  Tetryl,  picric 
acid,  NENO,  and  DINA  were  compared  with  TNT 
and  plastic  high  explosive.  Mark  H  Beehives, 

Mark  I  PLAT  bombs,  etc.  were  used.  When  conical 
charges,  filled  wllh  NENO,  were  ilred  ?.t  1  diameter 
standoff  against  a  noncxplosive  charge,  the  hole 
was  poorly  formed;  when  a  mild  steel  baffle  was 
placed  at  the  surface  of  the  p-dlchlorobensene,  the 
jet  made  a  clean,  well-centered  hole.  The  shaped 
charge  initiated  the  CE/TNT  and  NENO/TNT/BWX  ' 
satisfactorily,  although  occasional  failures  were 
noted.  More  detailed  tabular  results  are  Indicated. 


LI  641 

Toronto  U.  (Canada). 

EXPERIMENTAL  STUDY  OF  DEMOLITION 
CHARGES,  by  R.  O.  Braun  and  G.  F.  Wright. 

Dec.  1,  1943,  15p.  IncL  tables,  diagrs.  ([1S-C1 
(XR-60J-3};  Inclosure  3  to  MA  Ottawa  repi.  no. 
R670-4B)  Secret 

Triangular  prismatic,  blocks  ("delta  charges") 
were  metal  encased  for  assembling  Inlo  Hayrick 
shapes.  The  use  ol  these  assemblies  as  Hayricks 
was  ineffective.  Trials  were  carried  out  also  with 
6. 5-lb.  Beehives,  filled  with  Nobel's  851, 
NENO/Lsnoltn,  NENO/TNT/BWX,  NENO/A1/BWX, 
and  plastic  explosive.  All  these  explosives,  ex¬ 
cept  Nobel's  651,  were  approximately  equal  In  ef¬ 
fectiveness  against  steel  or  reinforced  concrete. 
American  M2  charges  filled  with  10  lb.  of  Pento¬ 
lite  and  equipped  with  60°  glass  liners  were  found 
to  be  less  effective  against  either  steel  or  concrote 
than  the  British  Mark  11  Beehive.  The  sensitivity 
ol  these  demolition  charges  to  rille  fire  was  also 
tested. 


L1642 
Torrey,  V, 

THE  BAZOOKA'S  GRANDFATHER.  Popular 
Science  Monthly,  v.  146,  Feb.  1945:  65-69,  211-212, 
216. 

A  popular  account  of  the  use  of  the  Munroe  effect 
in  ammunition  and  demolition  work  in  World  War 
IX  Is  presented.  This  article  was  later  published 
)p  The  Explosive  Engineer,  v.  23,  July-Aug.  1945: 
160-163,  under  the  title  "The  Shaped  Charge". 

L1645 

Torrey,  V. 

THE  SHAPED  CHARGE.  The  Explosives  Engineer, 
v.  23,  July-Aug.  1945:  180-103/ 

(For  abstract  of  this  article  see  Item  no.  L1642.) 


LI  644 

Underwater  Demolition  Team  4,  [Amphibious  Forces, 
Atlantic  Fleet], 

THE  EFFECTIVE  AMOUNT  OF  EXPLOSU'E 
(C3)  TO  RUPTURE  STEEL  PLATING  OF 
VARIOUS  THICKNESSES  UNDERWATER  USING 
LINEAR  CAVITY  CHARGES,  by  T.  J.  Brady. 
Progress  rept.  no.  3.  [19407],  14p.  Incl.  lllus. 
diagrs.  Confidential 

Through  actual  experimentation  with  linear  charges 
a  range  of  ellectlve  amounts  of  explosive  for  cut¬ 
ting  3/16-,  5/16-,  0.5-,  0.V5-  and  1 -In.  mild 
steel  pialos  underwater  was  determined.  Compari¬ 
son  ol  linear  charge  results  with  rope  charge  re¬ 
sults  showed  the  linear  charges  to  be  superior  for 
cutting  mild  steel  plates  underwater.  Test  resulta 
are  tabulated  and  a  table  of  recommended  values 
.  is  Included. 
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L1645 

Underwater  Demolition  Team  4,  [Amphibious  Forces, 
Atlantic  Fleet). 

UNDERWATER  ADAPTATION  OF  LINEAR 
CAVITY  CHARGES,  by  T.  J.  Brady.  Progress 
rept.  no.  2.  Oel.  1,  1946,  lv.  Incl.  I’lus.  diagrs. 

Confidential 

The  investigation  was  undertaken  to  develop  a. 
shaped  charge  container,  to  correlate  existing 
data  on  surface  detonation  vs.  underwater  effect, 
and  to  check  container  dimensions  to  determine 
the  most  effective  ratio  for  maximum  penetration. 

To  further  coordinate  data  for  surface  blasting 
with  underwater  penetration,  tests  were  run  ic 
which  charge  characteristics  were  varied  1  at  a 
time. 

L164G 

Underwater  Demolition  Team  4,  Amphibious  Forces, 
Atlantic  Fleet. 

UNDERWATER  DEMOLITION  TEAM  FOUR. 
OPERATION  inCHJUMP.  (A.  NARRATIVE  RE¬ 
PORT  OF  PARTICIPATION  IN  OPE  PATIO N 
HIGHJUMP.  B.  REPORT  ON  DEMOLITION  IN 

THE  ICE  FIELDS.  C _ ),  by  H.  Iverson. 

Apr.  3,  1347,  40p.  incl.  illus.  (Serial  0043) 

Confidential 

Linear  charges,  Bangalore  torpedoes,  and  M2  and 
M3  charges  were  fired  against  bay  Ice.  The 
craters  formed  by  the  charges  in  ice  differed  from 
the  craters  formed  by  similar  cltargea  when 
detonated  on  metal.  It  was  doubtful  that  the  10-lb. 

M2  charge  penetrated  to  the  water.  It  was  con¬ 
cluded  that  the  lee  could  be  broken  by  blasting  an 
initial  crater  with  an  M2  or  M3  shaped  charge, 
enlarge  the  crater  with  plastic  erplosive,  and 
'donate  a  60-lb.  charge  submerged  ir.  the  crater. 

Test  results  are  tabulated. 

L1G47 

Underwater  Weapons  Department,  Admiralty  (Gt.  Brit.). 
REPORTS  ON  TESTS  WITH  HOLLOW  CHARGES. 

[1946].  (2640;  PG  43147;  ACSIL/ADM/46/l  18) 

Unclassified 

The  results  of  research  on  various  phases  of  tor¬ 
pedo  warheads  and  underwater  penetration  [in 
19427]  are  reported.  It  was  emphasized  that  a 
standofl  distance  1.  5  times  the  length  of  the  cavity 
diameter  was  necessary. 

L1648 

[User  Representative  for  Infantry  In  the  UK). 

WESTERN  UNION  INFANTRY  ANTITANK 
WEAPONS  COMPARATIVE  TRIALS.  [Aug.  28, 

1950),  [12]p.  incl.  tables.  (Rept.  no. 

USE  RIN  F/OHD/3  4 )  Secret 

Comparative  tests  were  made  on  the  French  73-mm. 
rocket  launcher  and  the  Brandt  Rllndiclde  (75-mm. 
rocket  launcher).  P.esults  showed  that  both  weapons 
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were  highly  accurate  Tor  a  rocket  launcher,  due 
mainly  to  their  relatively  high  velocity  (French  500 
ft. /sec. ;  Blindlcide  600  ft. /sec.).  The  construc¬ 
tion  of  the  shaped  charge  of  the  French  rocker  ap¬ 
peared  superior  to  the  Blindlcide.  It  was  believed  ■ 
that  the  French  were  using  KDX  with  a  Cu  liner 
while  Brandt  (Bllndiclde)  seemed  to  be  uoing  a 
brass  liner.  The  type  of  explosive  :n  the  Blindlcide 
was  unknown  but  it  was  assumed  to  he  the  same  an 
that  used  in  the  Er.erga  grenade.  Tests  were  also 
made  on  the  French  rifle  antitank  grenades.  Re¬ 
sults  showed  that  the  French  grenades  were  supe¬ 
rior  to  the  Energa  grenades.  The  French  73-mm. 
grenade  appeared  to  be  the  best  of  the  French 
grenades. 

L1649 

User  Representative  for  Infantry  in  the  UK. 

FRENCH  73-MM.  ANTITANK  GRENADE  AND 
ROCKET  LAUNCHER,  by  C.  T.  Horner. 

Dec.  6,  1950,  2p.  (Rept.  no.  U5ERINF/ORD/46) 

Secret 

Tests  were  made  on  the  French  73.-mm  rifle  ' 
antitank  grenade  and  rocket  launcher.  The  gre¬ 
nade  is  capable  of  penetrating  approximately  2-In. 
more  homogeneous  plate  tlian  the  Brandt  Energa 
75-mm  grenade.  Major  faults  Indicated  by  the 
tests  were  erratic  penetration;  unburnt  propellant 
which  forced  to  roar  after  rocket  leaves  the 
launcher  will  require  either  protective  clothing 
or  redesign  oi  launcher  or  rocket;  back  blast 
damages  telescope  front  of  the  lens,  necessitating 
changing  tills  frequently;  difficulty  was  experienced 
In  loading  the  rocket  in  the  launcher. 


L1650 

Volochkrv,  L.  F. 

USE  OF  HOLLOW  CHARGES  IN  MINING 
(Primenenie  pustoteiykh  palronov  pri  shpurovot 
otboTke).  Gornyi  Zhurnal,  v.  120(0),  1946:19-29. 

The  efficacy  of  hollow  charges  was  compared  with 
that  of  solid  charges  in  2  difierent  mines  in  actual 
mining  operations.  The  hollow  charges  save  ap¬ 
proximately  25%  oi  drilling  as  well  as  explosive.  - 
The  blasting  efficiency  index  (depth  of  penetration  - 
average  depth  of  blasthole)  was  consistently  higher 
lor  the  hollow  charges. 


L1651 

Waffenamt  PriHwesen. 

ARMOR  PENETRATION  CURVES  (Panzcrdurch- 
schlags-Kurvenj.  Apr.  17,  1942,  2p.  IncL  dizgre. 

«G1  -  Wa  Priif  1/Stab  la  Nr.  741/42  fe.  Kdos.; 

OTIB  rept.  no.  1249,  AOO-9  -  In  German) 

Unclassified 

Two  graphs  arc  shown  c!  the  penetration  of  19- cm. 

Gr.  39  HI/ A  and  Hl/B,  and  7. 5-cm.  GrJ  38  fil/A 
and  Hl/B  shaped  charge  shells  as  a  function  of 
standoff, 
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L16S2 

Waffenamt  Prtifw2sec. 

SHAPED  CHARGE  ANTITANK  GRENADES  WITH 
HIGH  INITIAL  VELOCITY  (HL-PZ.  Gracaten  mlt 
Hoher  Ahfangsgeschwimligkeit),  by  Schneider. 

Oct.  3,  1944,  2p.  (Nr.  1850/44  g.  Kdon.;  OTIB 
rcpt.  no.  1249,  Misc.-2  -  In  German) 

Unclassified 

Several  projects  were  discussed  brielly  including: 

(I)  construction  of  8. 6-em.  RPzC~.  45/12  gre¬ 
nades  using  the  high  pressure  principle;  (2)  wing- 
stabilized  projectiles;  and  (3)  shells  with  folding 
fin  assemblies. 

LI  553 

V/affenamt  Priifwesen. 

■  FLAT  HOLLOW  CHARGES  (Flache  Hohlladungen). 
Nov.  9,  1044,  lp.  (Nr.  2065/44  g.  Kdos.;  OTIB 
rept.  no.  1249,  Misc.-2  -  In  German) 

Unclassified 

A  mine  with  directed  shrapnel  is  outlined.  Several 
German  scientists  including  Dr.  Schardln  col¬ 
laborated  on  a  new  weapon  using  the  shaped  charge 
elleci.  The  accelerative  force  of  the  flat  shaped 
charge  was  utilized.  From  the  shell  casing,  a 
rectangular  hull  was  cut  out  and  lilted  .with  shrap¬ 
nel.  It  was  anticipated  that  at  a  6“  angle,  the 
shrapnel  would  scatter  at  a  velocity  of  1500  m./scc. 

L1654 

[Wafienamt  Prlifwesen]  Wa  Prut  (BuM)  11,  Berlin. 
HUNGARIAN  ROCKET  GRENADE  (Ungarische 
Rnketen-Granatc).  Nov.  9,  1944,  2u.  (Nr, 

1047/44  g.  Kdos.;  OTIB  rept.  no.  1249,  Misc.-l  - 
Li  German)  Unclassified 

It  was  pointed  out  that  this  shell  is  not  new  to  tank 
warfare.  The  construction  of  the  antitank  grenade, 
differed  from  a  standard  shell  In  that  It  was  spit? 
stabilized  in  flight.  Spin  was  prevented  by  serra¬ 
tions  along  the  length  of  the  lir.er. 

L1055 

Walker,  II.  and  A.  R.  Almeida. 

JET  TAPPING.  Journal  of  Metals,  v.  3,  May 
1951:  374-376. 

The  jet  tapper  Is  being  used  to  tap  holes  ol  iurnaces. 
The  jet  tapper  Is  a  small,  shaped  explosive  charge, 
designed  specifically  for  the  purpose  of  tapping 
the  open  hearth  furnace.  Two  oz.  of  a  relatively 
Insensitive  explosive  are  enclosed  In  a  hakellte 
case,  which  is  fixed  in  proper  position  In  a  hollow 
insulating  body  wllh  walls  0.  5  ir„  thick.  This 
insulation  Is  sufficient  to  prevent  the  charge  from 
being  destroyed  by  the  heat  of  the  tap  hole,  and 
sufficient  to  prevent  the  blasting  cap  from  being 
detonated  by  the  heat  for  a  minimum  of  3  min. 
when  in  the  tap  hole  of  tne  open  hearth.  The 
hollowed  shape  of  the  explosive  and  the  Cj  liner 
are  responsible  for  the  ability  of  the  jc-t  tapper 
to  punch  a  hole  through  the  frozen  crust  of  the 


tap  hole,  with  Utile  sideward  and  rearward  blast 
effect.  This  shaped  charge  wiil  penetrate,  under 
controlled  test  conditions,  about  7  in.  of  cold, 
mild  steel. 

L165G 

War  Department,  Washington,  D.  C- 

WAR  DEPARTMENT  TECHNICAL  BULLETIN; 
CHARGE,  DEMOLITION,  SHAPED,  40-LB.,  T3. 
Mar.  25,  1944.  (TB  9-1940-6)  Unclassified 

The  charge  and  its  functioning  are  described, 
operational  Instructions  are  given,  and  safety  pre¬ 
cautions  are  noted. 

L1G57 

War  Department,  Washington,  D.  C. 

WAR  DEPARTMENT  TECHNICAL  BULLETIN; 
CHARGE,  SHAPED,  10-LB.,  Ml,  M2,  M2A1, 

AND  CHARGE,  SHAPED,  15-LB.,  M2A3. 

Sept.  11,  1944.  (TB  9-1940-9)  Unclassified 

The  charges  are  described,  and  operational  and 
safety  Instructions  are  given. 

L1658 

War  Department,  Washington,  D.  C. 

WAR  DEPARTMENT  TECHNICAL  BULLETIN; 
CUTTER,  CABLE,  Ml.  Dec.  18,  1944. 

(TB  ORD  233)  Unclassified 

This  cutting  charge  and  Its  holder  are  described 
and  Illustrated.  Instructions  for  operation  and 
safely  are  given, 

L165S 

[War  Office  (Ct.  Brit.)]. 

GERMAN  HOLLOW  CHARGE  RIFLE  GRE¬ 
NADES.  n.  d. ,  5p.  incL  diagrs.  (Annex  J  to 
Technical  Intelligence  Summary  no  44)  Secret 

The  S.S.  Gcwehr  Panzergranate  45  and  the  S.  S. 
Gewshr  Panzergranate  61  contain  fiteef  liners 
of  36°  apex  angle  for  the  smaller  grenade  and  32* 
for  the  larger  grenade.  The  liner  sides  taper 
in  thickness  from  mouth  to  apex.  The  46-mm. 
grenade  was  found  to  perforate  70  mm.  of  I,  T. 

80  plate  in  direct  attack  at  normal  or  short  ranges. 
At  longer  ranges  Lhe  thickness  of  plate  perforated 
Increased  to  approximately  90  mm.  under  static 
conditions.  Under  similar  circumstances,  the 
61-mm.  grenade  perforated  100  mm.  at  short 
range,  increasing  to  125  mm.  under  static  condi¬ 
tions.  Interposition  of  a  skirting  plate  of  0.  25-in. 
mild  steel  spaced  11  in.  in  front  of  the  armor 
completely  defeated  the  46-mm.  grenade;  pene¬ 
tration  of  I.T.  80  plate  by  the  Gl-mm.  grenade  was 
reduced  to  25  mm.  or  less. 

LI660 

[War  Office  (Gt.  Brit.)]. 

[GERMAN  DEMOLITION  CHARGES].  June  9, 

1343,  p.  7-9,  diagrs.  (Technical  Intelligence 
Summary  No.  106,  Part  II)  Confidential 
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The  German  magnetic  anlitank  hollow  charges  of 
3  kg.  and  3.  6  kg.  are  described  and  illustrated; 
performance  trials  against  rock  and  concrete  are 
reporled.  The  400-g.  German  hollow  demolition 
charge  Is  desc  rl'utd  and  illustrated. 

L1661 

[War  Olfice  (Gt.  Brito)}. 

[300-G.  GERMAH  DEMOLITION  CHARGE]. 

Nov.  2?,  1312.  (Technical  Intelligence  Summary 
no.  117,  Part  II;  Inclosure  1  to  MA  London  repL 
no.  63356)  Secret 

A  drawing  and  brief  data,  are  given  for  the  shaped 
German  300- g.  demolition  charge.  Poor  photo¬ 
stating;  part  of  this  rept.  Is  illegible. 

LI  662 

War  Olllce  (Gt.  Brit.}. 

DEVELOPMENTS  IN  SMOOTH  BORE  EQUIP¬ 
MENTS.  June  13,  1045,  2p,  diagr.  (Appendix 
F  to  Technical  Intelligence  Summary  no.  179; 
Inclosure  1  to  MA  London  rept.  no.  R3530-45; 
OSRD  Liaison  OHice  WA-4503- 12)  Secret 

The  German  policy  o[  emphasizing  smooth  bore 
guns  and  shaped  charge  projectiles  for  use  in 
them  Is  reported.  The  7.  5-cm.  shell  (s  described, 
and  a  15-cm.  shaped  charge  projectile  with  ftno 
Is  briefly  mentioned. 


L1063 

War  Office  (Gt.  Brit.). 

DISTANT  OPERATING  HOLLOW  CHARGES. 
[1346],  18p.  inch  Ulus,  tables.  (Technical 
Intelligence  rept.  no.  2;  Inclosure  1  to  MA  London 
rept.  no.  R484S-46)  Secret 

Tests  showed  that  shaped  charges  had'conslderable 
armor  piercing  capabilities  even  at  distances  of 
10  to  20  u.  Liners  used  in  the  study  Include 
steel,  HE  (consisting  of  a  steel  liner  fitted  with  a 
charge  which  detonates  when  the  liner  strikes  a 
surface),  and  shrapnel.  Charges  tested  weighed 
from  14.  5  to  17.  5  l:g.  and  contained  from  8.  5  to 
10.3  kg.  of  explosive.  At  20  in. ,  a  250-mm. 
diameter  hole  was  made  in  a  100-mm.  plate  while 
at  50  m. ,  a  200-mm.  hole  was  made  In  80- ram. 
plate. 

L1604 

War  Office  (Gt.  Brit.). 

REPORT  ON  TRIALS  OF  LARGE  SHAPED 
CHARGES  AT  DORVERDEN  ON  JULY  11,  1947. 
Sept.  12,  1947,  Up.  incl,  illus.  dlagrs.  (In- 
,  closure  l  to  MA  London  rept.  no.  R5890-47) 

Secret 

The  3000-Ib.  demolition  charge  and  the  45-in. 
CS/DR  bomb  were  fired  successfully  at  standoffs 
of  approximately  70  It.  or  10  diameters  from 
buildings  consisting  of  a  series  of  brick  walls  10  In. 


thick.  Both  charges  demolished  large  portions  ci 
the  nearest  brick  wall  and  !n  bolh  case3  the 
damage  lo  the  final  wall  consisted  of  only  1  hole. 


L1665 

Warren,  W.  T. 

DEVELOPMENTS  IN  UNDERGROUND  DRILLING 
AND  BLASTING  PRACTICE.  Mining  Congress 
Journal,  v.  32,  Oct.  i046:  59-42. 

Diamond  drill  blasthole  methods  used  In  under¬ 
ground  drilling  and  blasting  are  reported.  Conical 
and  hemispherical  shaped  charges  were  success¬ 
fully  employed  In  reducing  boulders  on  the  grizzlies 
and  in  the  scrams,  and  in  breaking  up  finger 
hang-ups. 


L16G0 

Watertown  Arsenal  Laboratory. 

SHELL,  HIGH  EXPLOSIVE;  EXAMINATION  OF 
CONE  FROM  GERMAN  37-MM.  HOLLOW 
CHARGE  GRENADE,  (FMAM  260),  by  S.  V. 
Arnold.  Nov.  11,  1943  ,  4p.  Incl.'  illus.  (Ex¬ 
perimental  rept.  no.  WAL  763/539)  Restricted 

Results  o’  a  metallurgical  examination  cn  the 
liner  from  a  German  37-nun.  shaped  charge 
grenade  showed  that  the  liner  was  cold  drawn 
from  0. 1 C-rltnmcd  steel  sheet.  No  inter 
mediate  or  subsequent  annealing  operation  was 
employed. 


LI  667 

Watertown  Arsenal  Laboratory. 

EXAMINATION  OF  CONE  FROM  15-CM.  HC 
IIE  SHELL,  GERMAN,  by  S.  V.  Arnold.  Feb.  11, 
1941,  2p.  Ulus.  (Memo  rept.  no.  V/AL  763/579) 

Restricted 

A  metaltographlc  examination  of  this  liner  lo 
reporled.  Photomicrographs  illustrate  the 
microntructure. 

L1EB8 

Watertown  Arsenal  Laboratory. 

SHELL,  HIGH  EXPLOSIVE,  HOLLOW  CHARGE; 
METALLURGICAL  EXAMINATION  OF  TWO 
GERMAN  75-MM.  HIGH  EXPLOSIVE  HOLLOW 
CHARGE  SHELL,  by  H.  G.  Carter.  Aug.  29, 

1944,  33n.  inch  Ulus,  tables,  dlagrs.  (Experi¬ 
mental  rept,  no.  WAL  763/818)  Restricted 

Two  German  75-mm.  HEAT  shells,  prcof-llred 
with  Inert  loads,  were  examined  metallurgically. 
Tests  include  chemical  analysis,  hardness  sur¬ 
veys,  tensile  property  determinations,  macro- 
examinations,  density  determination,  and  micro- 
examinations. 
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LI  669 

Watertown  Arsenal  Laboratory. 

HE  SHELL,  by  H.  G.  Carter  and  C.  M.  Schwitter. 
Mar.  17,  1945,  Ip.  Ulus.  (Memo.  rent.  no. 

WAL  763/716)  Unclassified 

Photomicrographs  are  shown  of  the  liner  portion 
of  a  shaped  charge  projectile  after  functioning;  of 
the  shell  against  armor  plate. 

L1670 

Watertown  Arsenal  Laboratory. 

SHELL,  HIGH  EXPLOSIVE;  METALLURGICAL 
EXAMINATION’  OF  THREE  GERMAN  AMMUNI¬ 
TION  COMPONENTS,  by  E.  F.  Hutchinson. 

Apr.  21,  1545,  3p.  inel.  Ulus.  (Experimental 
rept.  no.  WAL  763/728)  PB  no.  55754 

Restricted 

The  metallurgical  examination  of  1  of  the  German 
ammunition  cor-  uuenls  revealed  that  it  was 
probably  a  shaoed  charge  liner  produced  by  deep 
drawing  from  a  plain  low  C-rtmmed  steel  sheet, 
and  ground  circumferentially' on  the  exterior  for 
0.25  In.  to  an  edge  at  the  base.  Since  most  of  the 
liners  had  a  flange  at  the  liner  base,  It  Was  thought 
that  the  ground  surface  constituted  part  of  a  new 
design  for  attachment. 

L167J 

Watertown  Arsenal  Laboratory. 

METALLURGICAL  EXAMINATION  OF  JAPANESE 
SHELL  7 -CM.  (75-MM.)  MODEL  90  POINTED 
AA  (FMAM-475),  7-CM.  (75-MM.)  MODEL  2 
HOLLOW  CHARGE  (FMAM-1170),  by  II,  G.  Carter. 
Dec.  19,  1945.  21p.  incl.  illus.  (Experimental 
rept,  no,  WAL  763/778)  Restricted 

The  Japanese  7-cm.  (75-mm.)  Model  2  shaped 
charge  shell  (FMA.M-1176)  was  composed  of  a 
tiiln-walled  cylindrical  body  pierced  and  drawn 
from  plain  C  steei  billet  stock.  It  appeared  that 
the  shaped  charge  liner  had  been  spun  from  0. 45J, 

C  sheet  stock.  The  apex  angle  was  26°  as  compared 
with  the  42”  angle  oi  the  US  charge  liners  for 
shells  of  this  caliber.  This  shell  design  differed 
slightly  from  similar  German  projectiles  !n  that 
no  gaine  (booster)  was  used,  and  a  greater  stand¬ 
off  distance  was  incorporated  to  the  detriment  of 
the  explosive  capacity.  Complete  details  of  these 
shells  and  their  analyses  are  reported. 


LI672 

Watertown  Arsenal  Laboratory. 

COMPARATIVE  EFFECTIVENESS  OF  ARMOR- 
DEFEATING  AMMUNITION,  by  A.  Hurltch. 

Nov.  ?,  1951,  12p.  tables,  dlagrs.  (WAL  file 
no.  WAL  710/930-2)  Secret 

The  performance  of  kinetic  energy  and  chemical 
energy  projectiles  against  simple  armor  targets 
is  discussed.  It  is  pointed  out  that  \n  the  present 
stage  of  development,  tin-stabilized  HEAT  shellc 


do  not  match  the  accuracy  of  kinetic  energy  pro¬ 
jectiles.  The  higher  velocity  and  greater  accuracy 
of  kinetic  energy  projectiles  make  them  more 
accurate  than  ail  present  types  of  chemical  energy 
armor-defeating  ammunition.  Methods  of  defeating 
the  HEAT  Shell,  which  are  discussed  briefly, 
include  the  use  cl  low  density  materials  such  ao 
HCR2,  spaced  steel  spikes,  an  arrangement  of 
parallel  angle  irons  made  of  armor  steel  placed 
on  the  surface  of  the  main  armor,  and  spaced 
Jinnor. 


1,1073 

Wcstfallsch-Anhaltlsche  Sprengotoff-A.  G, 

METHOD  OF  MANUFACTURE  OF  EXPLOSIVE 
CHARGES  (Verfahren  zur  Herstellung  vor,  Spreng- 
kdrpern).  German  patent  no.  249,630,  July  3, 
1912. 

This  patent  outlines  a  process  for  the  manufacture 
of  explosives  charges  characterized  by  the  fact 
that  the  charge  contains  a  cavity  on  the  side  lacing 
the  target  for  the  purpose  of  Increasing  the  ex¬ 
plosive  efficiency. 


Ll  674 

Westfdlisoh-Anhaltische  Sprengstoff-A.  G. 

IMPROVEMENTS  IN  EXPIOSIVE  CHARGES  OR 
BODIES.  British  patent  no.  28,939,  Oct.  10, 

1912. 

This  early  patent  (convention  date,  Germany, 

Dec.  14,  1910)  states  that  the  effect  of  an  ex¬ 
plosive  body  Is  enhanced  if  the  side  facing  the 
target  has  a  cavity  so  that  actual  contact  Is  limited 
to  an  annular  rirn.  The  cavity  may  have  a  lining 
ol  sheet  metal  cr  other  suitable 'material,  or  It 
may  be  filled  with  inert  matter,  it  is  suggested 
that  the  Invention  may  be  utilized  for  torpedoes 
and  artillery  shells.  ’ 


L1675 

[Westfalisch-AnhalUsche  Sprergstoff -A.  G.]. 

PROPELLANT  AS  HIGH  EXPLOSIVE.  (BOOK¬ 
LET  ISSUED  11TII  JUNE,  1942  BY  WASAG). 
June  11,  1942.  (Trans,  as  rept.  no.  D!OS/Gp.2/ 
IIEC  5133,  69p.  incl.  Ulus.  )  Unclassified 

Tests  of  a  solvontless  propellant  powder  as  the 
.  explosive  charge  for  shaped  charges  are  reported, 
and  good  results  are  said  to  have  been  obtained. 
The  advantages  of  uS./ig  this  type  of  explosive  In 
demolition  charges  and  artillery  shells  are  Listed. 
A  hand  grenade  employing  the  shaped  charge  prin¬ 
ciple  is  described,  as  are  several  other  weapons 
not  related  to  the  subject. 
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L1G76 

Westfaiisch-Anhaltische  Sprcngstoff-A.  G.  Chemische 
Fabriken,  Berlin. 

EXPLOSIVE  TESTS  WITH  EXTENDED  APPLI- 
CATION  OF  THE  HOLLOW-CHARGE  PRIN¬ 
CIPLE  (Sprengversuche  unter  erwciterier 
Anwendung  des  H-Prinzips).  Dec.  7,  1943,  9p. 
I^ncl.  diagrs.  (fnclosure  to  letter  no.  D.  Nr. 

333/43,  Dec.  14,  1943;  Trans.  In  repL  na. 
BrOo/Gp.  2/HEC  67)  Restricted 

Experiments  with  bottle  shaped  charges  were 
made  to  compare  with  the  explosive  effect  of 
solid  charges.  The  test  results  arc  diagramed. 

It  was  concluded  that  standoff  was  critical  and  thal 
penetration  Increased  with  standoff.  Tests  were 
also  made  with  shaped  chargee  in  which  the  stand¬ 
off  was  occupied  by  flammable  oU.  Results  were 
disappointing  for  the  flame  had  a  small  spread. 

It  was  concluded  that,  to  achievh  a  dispersal  of  the 
flame,  there  should  be  a  ratio  of  oil  to  charge  of 
10  to  1.  A  German  translation  of  an  article  in 
the  London  Illustrated  News,  Nov.  25,  1944,  en¬ 
titled  "Hollow  Charge"  is  appended  (item  no. 

L.  1 1 21). 

L1G77 

[Westfillisch-Anhaltische  Sprengstoff-A.  G. , 

Rsinsdorf  Werke], 

CONTRIBUTION  TO  THE  SUBJECT  OF  THE 
EFFECT  OF  THE  HOLLOW  CHARGE  (fl  AND 
III),  by  Cutmann.  May  13,  1943  {Part  If)  and 
July  0,  1943  (Part  III).  (Trans,  as  rept.  no. 
BIOS/Gp.  2/HEC  1260,  8p.  IUus.)  Secret 

(Part  II).  Asymmetry  caused  by  eccentric  initia¬ 
tion  and.the  presence  of  spaces  between  charge 
and  liner  caused  by  Imperfect  manufacturing  of 
the  liners  was  investigated.  The  effect  of  the 
charge  was  found  to  be  considerably  decreased 
because  concentration  of  the  "lines  of  force"  Js 
disturbed  by  those  2  faults.  Experiments  on  a 
shaped  charge  designed  in  the  form  of  steps,  In 
which  the  separate  steps  themselves  also  act  aa 
shaped  charges,  are  briefly  reported.  It  fs  in¬ 
dicated  that  a  further  concentration  of  "fines  of 
force"  can  be  achieved  by  this  arrangement.  (Part 
IU).  Tesls  were  made  of  the  effect  on  a  jet  of  plac¬ 
ing  sleel  plates  (20  x  5  mm.)  in  various  positions 
within  Ihe  cavity,  ft  was  found  that  suitable 
arrangements  of  the  plates  restrained  the  dis¬ 
persion  of  the  jet,  thus  adding  to  Its  concontratltfn. 


LI  076 

[Wcstfaiische-Anhaltfsche  Sprengstoff-A.G., 

Reinsdorf  WerkeJ. 

BASIC  EXPERIMENTS  IN  PHYSICS.  PART  I; 
GENERAL  HE  PHYSICS;  HOLLOW  CHARGE  HE 
PHYSICS;  HE  DETONATION  ABILITY  PHYSICS, 
by  von  Holt  and  others.  1943-1944.  (Trans,  as 
repl.  no.  oIOS/Gp.  2/HEC  67,  p.  1-27;  Inclosure 
1  to  MA  London  rept.  no.  R2812-48)  Secret 

A  number  of  letters,  memoranda,  and  repts. 
concerning  the  physics  of  shaped  charges  and 
high  explosives  are  reproduced.  Experiments  are 
described  on  the  blast  pressures  from  2  shaped 
charges  placed  0  to  400  mm.  apart  with  the 
cavities  facing  each  other  and  detonated  simul¬ 
taneously.  A  memorandum  (p.  20)  states  that  the 
Incendiary  effect  was  proved  through  experiments 
with  liners  of  Ce  or  Th,  and  is  increased  by  the 
"application"  of  sintered  Fe.  Anoiner.memorandum 
(p.  22)  reports  that  the  optimum  thickness  for 
bell  shaped  liners  is  2. 5  mm. ,  and  the  optimum 
height  and  1  hickness  for  bottle  shaped  liners  are 
106  iric.  and  2.  5  mm. ,  respectively. 

LI  679 

Westwater,  R. 

SHAPED  CHARGES.  Colliery  Engineering,  v.  24, 
Jan.  1941;  s-9. 

Non-military  application  of  shaped  charges  fs 
discussed  for  uses  such  as  blasthole  drilling, 
erection  of  pylons  and  poles  in  soft  and  hard 
grov.rd  and  In  rocks,  pulverizing  scrap  metal, 
secondary  creaking,  and  metal  cutting, 

LI  680 

Zwlcky,  7. 

ARTIFICIAL  METEORS.  Ordnance,  v.  32, 

July -Aug.  1947:  18-20. 

It  is  staled  that  rockets  can  carry  shaped  chirges 
to  extreme  heights  and  then  eject  small,  fast 
particles  from  the  earth's  gravitational  field.  The 
escape  velocity  from  the  ea.-lh  fs  11. 2  km.  /sec. 
and  shaped  charges  are  capable  of  generating  en¬ 
ergies  of  this  order  of  magnitude.  Ai»  experiment 
'  at  White  Sands  with  Lhaped  cliarges  in  the  V2  rocket 
Is  briefly  described  and  future  investigations  are 
suggested. 
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ASC  scatter  bomb  see  BOMB,  antisubmarine 
Scatter 

A5CFT  bomb  see  BOMB,  antisubmarine  follow- 
through 

ATAR  see  ROCKET,  aniitank  aircraft 
ABERRATION  ace  LINER,  aberration  of;  SYM¬ 
METRY 

ACCELERATION  of  solid  object  by  shaped  charge 
delegation  L103,  L3S8,  L923,  L1D88,  LU53, 
L1354-L1356,  L16CG  see  also  DISC  charge; 
MISZNAY-Schardin  effcctp>LATE  charge  (French); 
PROJECTION  ul  uisc;  PROPULSION  by  shaped 
charge  detonation 

AFTER-liow  ceo  PENETRATION,  secondary 
AFTER-Jet  LT55,  LSS8,  LG04,  LGOS,  LS69 
AIR  gap  see  SEPARATION  of  charge  ar,d  liner; 
STANDOFF;  UNDERWATER  penetration  increased 
by  standoff 

AIR  space  for  separation  of  charge  and  liner  see 
SEPARATION  of  charge  and  liner 
AIRCRAFT  carrier,  shaped  charge  bomb  against 
l.533,  1,982 

AMMONAL  charge  L81 

ANTIAIRCRAFT  uno  ot  shaped  charge  L109,  L329, 
L399,  1/105,  L921,  L1091,  L1052,  LII46,  L1309, 
LI31G,  L1323,  L1340,  7A354,  L13S7 
ANTIPERSONNEL  use  of  shaped  charge  L229,  L309, 
L5CS,  L7G4,  LI081,  L1C34,  LU30,  L1511,  L10S3 
ANTISUBMARINE  use  cf  shaped  charge  see  BOMB, 
a.itieabmarln© 

ANTITANK  hand  grenade  (Chinese)  L11S4,  L14S5 
ANTITANK  hand  grenaoe  (Japanese)  L1210 
ANTITANK  hand  grenade  (Russian)  L1463,  L1438, 

LI  GOO,  L1632  L1MS 

ANTITANK  magnetic  charge  (German)  L135,  L13G, 
L223,  L270,  LG82,  L333,  L1078,  LI  081,  L1C84, 
L1089,  Mtfl3,  L1197,  L1347,  L13B2,  LIOCO 
APEX  angle  1.11,  1.342,  L373,  L407,  L525,  L531, 
LG23,  L047,  LG52.  L864,  L8G7,  LG78,  LI038, 
L1007,  L1185,  L1213,  L1Z55,  L1483,  L1510 
APEX  angle— hole  volume  relationship  L444 
APEX  angle— penetration  relationship  L444,  L371, 
L1029 

APEX  angle-underwater  penetration  relationship 
see  UNDERWATER  penetratIon--apex  angle 
relationship 

APEX  angle  of  linear  charge  L519,  L882 
ARMOR,  attack  of  L236,  L280,  L281.  L298,  L302, 
L32R,  L343,  L347.  L370k,  L370o,  1.704,  L715, 
L745,  L759,  LD9G.  L997,  L3S9,  L1I54,  L11D3, 
L1322,  L1324  nee  also  TANK,  vulnerability  of 
ASSIETTE  see  PLXTE  charge  (French) 

ASYMMETRY 'see  SYMMETRY 
ATOM  transformation,  shaped  charge  used  for 
L1090,  LI 597,  LI598 


BAT  weapon  see  RIFLE,  Battalion  Antitank 
BARRIER  see  DETONATION  waves  shaped  by 
barrier 

BASE  flange  effect  L252,  L268,  L539  see  also 
RADIOGRAPHY  of  base  flange  effect 


BAZOOKA  L233,  L437,  L570-L572,  L578,  L65a, 
L8D1,  L998,  L1179,  L1435,  L1443,  L1459,  L1477, 
L1492,  LI 642,  L1G43  see  also  ROCKET 
BEEHIVE  LEO,  L771,  L773T T32S,  L905,  L99G, 
L1526,  L1527,  L1541,  L1546,  U557,  L15GS,  • 
L1567-L1589,  L1591,  L1596,  L1C41 
BEETHOVEN  device  LM52  see  also  Weapon  uabig 
shaped  charge  effect  (German) 

BpLL  charge  (British)  L920  '  . 

BETHE  theory  of  penetration  L538,  LG02,  L6O0, 
L1441  see  also  JET  formation  theory  • 
BIBLIOGRAPHY  on  detonation  L659,  L137G 
BIBLIOGRAPHY  on  shaped  charge  1*3,  L30,  L172, 
L214,  L342,  LS87,  L702,  L749,  LB78,  LI002, 
L108G,  LI  188,  11264,  L1207,  L1329,  L1370, 
L1372,  L1484,  L15G1 
BIG  Mary  see  SPIGOT  grenade,  T30 

BLAST  effect,  rear  L233,  L73ii,  H120,  L1397, 

LI  548 

BLAST  effect  Inside  pillbox  LGGG-L668,  L926,  L1623 
L1528 

BLAST  effect  inside  iank  L110O,  L1419 
BLAST  pressure  L673,  L674,  L792,  LGGa,  L812,  ' 
L845,  LB54,  L1678 
BLAST  profile  L975,  L976 
BLAST  velocity  L947-L949,  L9G1,  L975,  L976 
see  also  SHOCK  waves,  velocity  of 
BLAST  waves,  photography  of  L945,  L94G,  L1240, 
see  also  DETONATION,  photography  of 

T3T  A  CTm T  (trtP»ni,T^i  n  r  nnr* 
tv  a 

BLASTING  L396,  L430,  L431,  L980,  L1121,  L1123, 
L)  145,  L1148,  LI  149,  L1592 
BLASTING  cap  see  DETONATOR 
BLINDICIDE  rocket  L394,  L1IC2,  L1594,  L1648 
BOMB  (general  and  US)  L428,  L535,  LG96,  L&71,  . 
LOCI,  L983,  L1531  sec  also  FOLLOW-tfcrough 
bomb 

EOMB  (German)  L2,  L92,  L149,  L178,  L404,  L938, 
L114I,  L149F,  LK99  see  also  BOMB,  rodded 
(German);  FOLLOW-througlTbomb;  MUZZLE-  ■ 
stick  bomb  (German) 

BOMB  (Italian)  L1239  ... 

BOMB  (Japanese)  L938,  L1429  . 

BOMB,  23  In.  (2,000  1b.)  L892  , 

BOMB,  CS  (Capital  Ship)  L48,  L80,  L75,  L127,  • 

L681,  L979,  L980,  LU22,  L1182,  L1330,  L1405, 
L1409,  LI  537,  LI  5*4,  LI  864 

BOMB,  HEAT  L229,  L230,  L1094  see  also  PRO¬ 
JECTILE,  HEAT;  SHELL,  HEAT  " 

BOMB,  SAP,  shaped  charge  assisted  L541,  L1421 

BOMB,  AN-M65,  GP  L4S0,  L973,  L974 

BOMB,  AN-MD6  (2,000  lb.)  L420,  L875 

BOMB,  SC,  100  lb. ,  T2  L1455 

BOMB,  SC,  100  !b. ,  T2EI  L694 

BOMB,  SC,  500  1b.,  T3E1  L694 

BOMB,  SC,  1,000  1b.,  T4  L1453 

BOMB,  SC,  1,  000  1b.,  T4E1  L694,  L1330 

BOMB,  SC,  2,000  lb. ,  T5  L1451 

BOMB,  SC,  2, COO  lb.,  T6  L1451,  L1452 

BOMB,  SC,  2,  000  lb. ,  T0E1  L694 

BOMB,  SC,  2,  000  lb. ,  TGE2  LG94,  L691 

BOMB,  T57E1  (Type  A)  L764 
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BOMB,  T57E1  (Type  B)  L764 
BOMB,  antisubmarine  (Brlt'sh)  L75,  L422  L792 
L1143,  LI  184 

BOMB,  antisubmarine  follow-through  L427,  L818- 
LB25,  L827,  LB28,  L829,  L831,  L840,  L842,  L843. 
L847-L850,  L855,  L1374,  L13B6  see  also 
FOLLOW. through  bomb 

BOMB,  antisubmarine  projector  (Mousetrap)  L7C9- 
L792. 

BOMB,  antisubmarine  scatter  L?31,  L7C0-L7S7 
L789-L7S7,  L809,  LG30.  L84l,  LS44L  LB53 
LI358,  LI369,  L1374  see  also 
BOM,  antisubmarine  projector  (Mousetrap) 

BOMB,  fuzing  of  L417,  L793,  H374 
BOMB,  initiation  of  see  INITIATION 
BOMB,  multijet  (British)  L83,  L1549,  L1550  seealso 
COMBINED  charge 

BOMB,  multijet  (Japanese)  LI377  see  also  COM¬ 
BINED  charge  - 

BOMB,  rodded  (German)  LU7G 
BOMB,  scaling  of  L124G 


- ,  - 

BOMB  disposal  by  shaped  charge  L5j  L4’?  L42! 
L42G,  L934,  L93G-L941,  L1082,  L1350,"  L1351,  ’ 
L1430-L1134,  L1436,  L1437,  L1439 

BCL107ilK  L1626’  L6C2,  LG05’  L8°8'  L95C'  ~1000, 

“"tf.1.01  L539(  U037’  LI071<  L1630 
BOOSTER,  r.mltijet  antitank  mine  L299 

BOOSTER,  shaped  charge  as  L53G,  L959,  L13G0 
L13G9,  L1374,  L1399  ’ 

BOOSTER  for  cutter  charge  1,873 
BOOSTER  requirements  L883,  L90I 
BRIDGE  waves  see  MACH  waveB 
BULLET  sensitivity  LS80  Eee  also  EXPLOSIVES 
sensitivity  of  '  ' 


CANNON  without  tubs  sea  MIS ZNAT-Schardin  effect 
CANNONBALL  Ll  11,  ET12  seealso  WEAPON 
using  shaped  charge  efiectfUST 
CARROT  see  SLUG 

CASEY  Jono3  charge  see  FOUNTAIN  charge 
CASUAL i  iES  from  shaped  charge  3ee  ANTI- 
r  .f'ERj’°^NEL  uss  cf  shaped  chargef  BLAST  effect 
CAVITY,  flammable  oil  in  L1676 
CAVITY  apex  -see  APEX  angle 
CAVITY  charge  see  CHARGE;  EXPLOSIVE  charge- 
SHAPED  charge-  ■  8  ' 

CAVITY  design  see  CAVITY  shape;  LINER 
CAVITY  diameter  L421,  L676 
CAVITY  diameter- -hole  diameter  relntlonshin  LS75 
CAVITY  effect  see  JET  formation  theory 
CAVITY  effect,  mathematical  analysis  of  see 
SHAPED  charge  process,  mathematicallnalysls 

CAVITY  height  L676,  L1609 

CAVITY  shape  L204,  L205,  L421,  L525,  LG75, 

L676,  Ll  1 23,  L1155,  1,1595 
CENTRAL  tube  see  FLASH  tube 
CHARGE  see  EXPLOSIVE  charge  . 

CHARGE  calculator  L426,  L1430 
CHARGE  case,  bakelite  L170 

C^S5LCrlstency  IS0'1'  L699«  L1Z4S  seealso 

CHARGE  imperfection:  SYMMETRY - 

CHARGE  design  L5,  LI43,  L220,  .LS01,  L487 

EB57,  Ll  123,  L1365,  L1365,  L1517 

L1586  see  also  CHARGE  diamiter:  CHARGE 

InmHk*  1  TMPD - 7 


length;  LINER  material 
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L539,  LG75,  L860, 


CHARGE  diameter  L220,  L48S, 

L8Gb,  L90S,  LI230,  L1255 

diameter- -charge  length  relationship  LG15, 

L1520 

CHARGE  diameter — hole  volume  relationship  L8B9 
L90G,  L1510  *  *  ■ 

CHARGE  diameter- -penetration  depth  rc-lationshlu 
L504,  L909,  1,954  - 

CHARGE  imperfection  L216,  L534,  LS08,  L5B7 


m  -  -  — - r  *•  juvof.  - 

LaOO,  L60Q,  1*607,  L/1623  esc  al£o  3Y}iIMETr 

LI  A  Y*  *  ....  I  “  r  o-  l  -  „  -  -  ■  1  —  ** 


CHARGE  length  L2G4,  L205.  Lzzu,  L676,  LBGO.  LE7G 
L893,  L908,  L928„  L1G30  . 

CHARGE  length— hole  volume  relationship  L470. 

LSOB  ' 

CHARGE  length — jet  velocity  relationship  L963, 

L1328 

CHARGE  length— liner  thickness  relationship  seo 
LINER  thickness— charge  length  relationship-^ 
CHARGE  length— penetration  depth  relationshio 
L6,  L7,  L197,  L478,  L930 
CIIARGE  performance  see  SYMMETRY 
CHARGE  performance-GTIHer  Imperfection  relatlon- 
ship  see  LINER  imperfection— charge  pety  • 
formance  relationship 

CHARGE  performance— liner  thickness  relationship 
see  LINER  thickness-charge  performance 
relationship 

CHARCE  shape  L15,  L1B-L20,  L20,  L4Q7,  L535, 

LG8G.  L882,  L91S,  L10G7,  L10G8,  L1145,  LIS52 
L1483,  L-1575  .  . 

CHARGE  weight  L14B,  L221,  L421,  L882 
CHARGE  weight— penetration  depth  relationship 
LG73,  L674,  L1494 

CHEESE  L80  see  also  DEMOLITION  charge 
(German)  ‘ 

CHEMICAL  warfare  agents  added  to  shaped  charge 
LC42,  L1400  8  ; 

CIRCULAR  charge  L939,  L1D01 
COLD  weather  tests  see  DEMOLITION  charge,  win¬ 
ter  tests  on;  PROJECTILE,  winter  tests  om 
SHAPED  charge,  M2;  SHAPED  charge.  M3:  etc. 
COLLAPSE  L58,  L89,  L94,  L1G0,  L18G,  L194, 

1.219,  L220,  L247-L249,  L253,  L274,  L333, 

B333'  H??'  L375,  L376,  W40'  W67.  L469,  L48G, 
L507,  L510,  L518,  L525-L523,’ L598,  LGD3-f,608 
L62G,  LG28,  L539,  LG  59,  l653,  L775„  L770,  , ' 

LB17,  LSoG,  L359,  L864,  L8G9,  L870,  L8S4 '  ' 
L907,  L928,  L95G,  L1005,  L1072,  L1144,  LU63, 
L1248,  H288-L1291,  L1293,  L1304,  L132S, 

LloGB,  L1402,  L1445,  L1604  seealso  JET  -.  - 
formation,  photography  of;  PHOTCGKZPEY:  : 
RADIOGRAPHY  of  collapse  ' 

COLLAPSE,  velocity  of  L95,  L155,  L483  -  '  1  ' 

COLLAPSE  inhibitor  L437  .  . 

COLLAPSE  or  rotating  charge  L277,  L450.  LG17-- 
LGI9,  L1384,  H385  . 

COMBINED  charge  L1243,  L1428  see  also  BOMB. 

MULTIPIlEiti3h,:  B0MD'  Inu  1  ’(iapar.es e); 

COMPOSITE  charge  see  CORED  charge  ’  '  '' 

CONCAVE  charge  (IvaUan)  L1243 
CONCORDANCE  outline  Ml 65,  L1168 
CONCRETE,  scale  law  for  penetration  of  1-559 
CONCRETE  demolition  L4,  1.44,  L59,  L8D  L84  ;  !l 

L87,  LG51,  L680,  L681,  L74L  L773,  L91D-L9I3 

L.9?«nL)138,  L1498,  L1513'  L!51S-  L1517. 

L  5  B,  L1520-L1523,  L1527,  L153C-L1533,  L1538- 

L1543,  L1551-L1555,  L1558,  L1561-L15Q3,  L1567, 
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CONCRETE  demolition  (cent.)  L1568,  LIS91 
CONCRETE  perforation  L5,  L2G.  L49,  L5B,  L75, 

L82,  L132,  L175,  L201,  LE18,  L5S9,  LGGC-L06B, 
L672,  LG73,  L865,  L867,  L881,  L11B0,  L1494, 
M495,  L1512,  L1514,  L15i6,  L’5’9,  U524-L1S20, 
L152B,  L1529,  L.153'1,  L154Q,  L1556,  L1559,  L1561, 
L1505 

CONE  see  L7.NEB. 


CONFINED  charge  L851.  ZtWZ 

r,f  T  *>Q  T 
vu'-oi  * .  - 


1.94,  MS?,  Lias, 


L155,  L156,  LI 53,  L183,  L2C-4,  L205,  L220,  L462, 

L468,  L484,  L492,  L493,  L504,  L529,  L531,  L539, 

L569,  L651,  L652,  LS57,  L869.  L884,  L905,  L919, 

L928,  L950,  L254,  L957,  L961-L383,  L973,  LS36, 


L1191,  L1261,  L1404,  L163D 
CONTAINER  for  shaped  charge  L1645 
CONTROLLED  fragmentation  L43.  L75,  L219-L213, 
'  L247-L252,  L2E9,  1,265,  L274.  L427,  L459, 

L471,  L494,  LS13-L615,  LG29.  L633,  L681, 

L321,  LI169,  L1250,  L1251,  L1253,  L1274, 
L1331,  L1332,  L1334,  L13D9-L1341,  L1343, 
L1380-L1383,  L1388,  L1511,  L1535-L1580 
see  also  FRAGMENTATION 
CORED  charge  L48,  L70,  L204,  L216,  L529,  L343, 
L357,  L9G7,  L1330,  L1520,  L1521,  L1599,  L15S2 
see  also  DETONATION  waves,  shaped  by  cored 


charge 

COUNTERMINING  pistol  lor  underwater  Initiation 


L773 


CRATER  see  ROLE 

CURVILINEAR  charge  L426,  L1439 

CUTTING  by  linear  charge  L963,  L1430-L1434, 

L1436,  L1437,  L1538-L1340,  L1513 
CUTTING  bv  shaped  charge  MIC.  L426,  L648, 

L897,  L808,  L933,  L935,  L1137,  L1558,  L1853 
CUTTING  of  anchor  chain  L4I8,  LS13,  L933 
CUTTING  of  beams  and  pillars  L-S51.  L288,  L881 
CUTTING  of  nylon  rope  L8B3 
CUTTING  of  steel  L870,  L903,  L"25,  L1137 
CUTTING  of  steel  cable  L256,  L-418,  L804,  L873, 
LB97,  L89B,  L933;  Luay,  Lions 
CUTTING-tube  charge  LG4,  L125,  L133,  L142,  L10O, 
L171-L173,  L965,  L669,  L07O.  L1395 
CUTTiNG-tulie  charge  In  torpedo  warhead  L14,  L148 
CYLINDRICAL  charge  L7-L9,  LS70,  L081,  L925, 
L975,  Lli.27,  L125G,  L1502 


D40  warhead  see  WARHEAD,  guided  mlssllo 
DART  warheatfsee  WARHEAD,  guided  missile 
DAUTRICHE  effect  LI 579 
DEFENSE  see  PROTECTION 
DEFORMATION  see  COLLAP5E 
DELTA  charge  see  LINEAR  charge 
DE  MARRE  formula  see  FRAGMENT  penetration 
DEMOLITION  charge  "{general  and  US)  L5,  L390, 
L415,  L421,  L430,  L431,  L92S,  L999,  L1373, 
L1457,  L1592,  L1641,  L1656,  L1057  see  also 
CONCRETE  demolition;  SHAPED  charge,  Mi; 
SHAPED  charge  M1A1;  etc. 

DEMOLITION  charge  (British)  L44,  L73,  L7B,  LOO, 
LSI,  L8.4,  LS8,  L87,  L90,  LIT?,  L999,  L1E12- 
L1536,  LIC30-L1543,  L1548.  L15S1-L1O50, 
L1559,  LI 562,  L1563,  L1505,  LI567-L150D, 
L1591  see  also  BEEHIVE;  FLYING  Dustbin; 
GENERAL  Wade  charge;  HAYRICK;  VERY  largo 
shaped  charge 


DEMOLITION  charge  (Canadian)  L920 
DEMOLITION  charge  (French)  L15D5 
DEMOLITION  charge  (German)  L80,  L104,  L124, 
L223,  L940,  L1078,  L1081,  L1188,  LU97,  L1242, 
L1393,  L160O,  L100I 

DEMOLITION  charge  (Italian)  L910,  L1I38 
DEMOLITION  charge,  'Handling  and  storage  of  L1344 
DEMOLITION  charge,  underwater  see  UNDER¬ 
WATER  demolition  charge 
DEMOLITION  charge,  winter  tests  on  1.13,  L239, 
L6S4,  L720,  L924,  LI61G,  LIC4B 
DEMOLITION  charge  lor  destruction  of  microwave 
tube  L51S-L517,  L1374 

DEMOLITION  charge  for  installing  equipment  L412, 
t,G54,  LG99,  L712,  L924 

DESTRUCTOR,  T15  L903  see  also  CUTTING  of 
steel 

DETONATION,  electrical  phenomena  with  HE  L1090, 
L1281-L1284 

DETONATION,  mathematical  examination  of  L325, 
L798,  L1037,  L1120,  L1127,  L1580 
DETONATION,  mechanism  of  L24,  L354,  L770, 

LI  149,  L1471,  L1597,  L1598,  L16O0 

DETONATION,  photography  of  L208,  L258,  L370, 
L405,  L409,  L432,  L5L4,  L904,  1,1471,  L1497, 

LI 584,  LI 585  see  also  PHOTOGRAPHY; 
RADIOGRAPHlToI  detonation 
DETONATION,  uniform  L692 
DETONATION  across  gaps  L52 
DETONATION  head  L777,  L859,  L1127,  L1128  . 
DETONATION  pressure  L4S2,  L493,  L777,  L858 
DETONATION  pressure— hole  volume  relationship 
L857 

DETONATION  pressure,  measurement  of  L542,  '  . 
L656,  L1128 

DETONATION  theory  L79«,  L970,  L1474 
DETONATION  time  L1128,  L1579,  L-1582  see  also 
DETONATION  velocity 

DETONATION  lime,  measurement  of  L257,  L258,  . 

LI  3  58,  L1357 

DETONATION  velocity  L207,  L354,  L949,  L275, 
1-1127,  L1129,  L1578,  L1590,  L1627  see  also 
DETONATION  time 

DETONATION  velocity,  measurement  of  L323, 

L384,  L653,  L1585 

DETONATION  waves  L455,  L484,  L055,  L957, 
L1356,  L14D7,  L1573,  L15D0  see  also  SHOCK 
wavea 

DETONATION  waves,  hydrodynamic  theory  of  see 
HYDRODYNAMIC  theory  of  detonation  waves 
DETONATION  waves,  Interaction  In  L250,  L1163, 
L1579 

DETONATION  waves,  Interaction  of  with  liner  L334, 
L499,  L510,  L511,  L692,  L-269 
DETONATION  waves,  projection  of  fragments  by 
L12S 

DETONATION  waves,  reaction  of  liner  to  L605, 
L650,  LG91,  LI  1 20 

DETONATION  wpves,  shaped  L409,  L438,  M3 7, 
Lh29,  L543,  LB71,  L1375,  L1474,  L1575,  L1580 
DETONATION  waves  shaped  by  barrier  L204,  L399, 
LAOS,  L543,  LU25,  Li 473 
DETONATION  waves. shaped  by  cored  charge  L204, 
L643,  L958  see  also  CORED  charge 
DETONATION  waves  shaped  by  using.  2  explosives 
L1250,  L1355 
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DETONATOR  L27,  L397,  L438,  L536,  L545,  L821, 
L880,  L1104,  L1’08,  L1142,  L1447,  L1596,  L1C2G, 
L1631  t,oe  ah.'o  RADIOGRAPHY  of  detonator 
DEVICE  K  L6B3  see  also  WEAPON  using  shaped 
charge  effect  (DS) 

DEVICE  KFT  see  FOLLOW-through  grenade,  10  In. 
DEVICE  M  seo  SPIGOT  grenrde,  T21 
DIAMOND  LTI- Ll203  see  also  LINEAR  charge; 
TROUGH  charge 

DISC  charge  L42,  L405,  L1I53  sen  also  ACCELERA¬ 
TION  nt  solid  object  by  siiapecTcli&rgu  deton; 'lion; 
MISZNAY-Schardin  effect;  PLATE  charge  (French); 
PROJECTION  of  disc;  PROPULSION  by  shaped 
charge  detonation 

DISH  charge  see  PLATE  charge  (French) 
nTciiFBcurvM  JlAi  niii  L1068  LI240  J J 1  f.3 0 . 

LI 677  sec  also  EDGE  effect 
DISPERSION  of  rotating  charge  L2S3,  L297,  L277, 
L332,  L370g,  LG17  see  also  RO  TATION,  dis¬ 
persion  by 

DISSOCIATION  drag  L1272,  L1273,  LI296  see  also 
PROJECTILE,  aerodynamic  study  of 
DOUBLE-ended  charge  LI! 51,  L1153 
DUSENHELM  L1213 
DUST  formation  from  liner  L157 

ECCENTRICITY  see  LINER  eccentricity;  SYM¬ 
METRY 

EDGE  effect  L777,  L85S,  L903  see  also  DIS¬ 
PERSION 

EFFICIENCY  of  shaped  charge  L1213 
ENCASED  charge  (German)  L1082 
END  effect  L1573,  L1S76,  LI577,  L1580,  L1585 
ENERGA  rifle  grenade  L113,  L298,  L311,  L734, 

L76B,  L9B4,  LS97,  L1160-L1162,  L119G,  L134S, 
L1420,  L1427,  L1423,  L1593,  L1648 
EQUIVALENT  plastic  effect  LG l,  L104 
EXPLOSIVE  belt,  effect  of  L147,  L252,  L905 
EXPLOSIVE  charge,  effect  of  manufacture  on  L023 
EXPLOSIVE  charge,  effect  of  on  Jet  formation  L173 
EXPLOSIVE  charge,  effect  of  size  of  L3.48,  L42I 
EXPLOSIVE  charge,  effect  of  water  submersion  on  . 
LCSO 

EXPLOSIVE  clnrge,  internal  cavity  In  L25,  L1333 
EXPLOSIVE  charge,  optimum  shape  of  H067 
EXPLOSIVE  charge,  U-shaped  L373,  L675,  L988, 
L1554  see  also  LINER,  U-shaped 
EXPLOSIVE  charge,  V-shaped  L2FA,  1,510,  L920, 
L950,  L351 

EXPLOSIVE  field  glasses  see  LENS 
EXPLOSIVE  gas,  detonation  pressure  of  L153,  L206 
EXPLOSIVE  gas,  motion  of  L248,  L470 
EXPLOSIVE  target  see  PROTECTION,  explosives 
for 

EXPLOSIVES  (general  and  US)  LU,  L47,  L204, 

L370e,  L421,  L531,  LG51,  L052,  L783,  L788, 

L807,  L87G,  L893,  L894,  L910,  L928/  LG54. 

L1145,  H374,  LI 476,  L162G  see  also  PER¬ 
FORMANCE  imiforniily 

EXPLOSIVES  (German)  L385,  LC88,  L325,  L1065, 
L1137,  L1213,  L1476,  L1873,  L1675,  LIG77 
EXPLOSIVES  (Italian)  L1243 

EXPLOSIVES,  aluminum  added  to  Llue,  L399,  L401, 
L658,  I.84G,  L1128,  L1260 
EXPLOSIVES,  cast  L607,  L901,  L980,  L1209, 

L13S7,  L1640 

EXPLOSIVES,  composite  L471,  L-172,.  L474,  L1520, 
L1521 


EXPLOSIVES,  density  of  L21G,  L330,  LOGS,  L1357 
EXPLOSIVES,  detonation  pr  essure  of  L777,  L1128 
EXPLOSIVES,  detonation  theory  applied  lo  L-S25, 
L793,  L12G0 

EXPLOSIVES,  effect  of  age  on  L60? 

EXPLOSIVES,  effect  of  cracks  on  L333 
EXPLOSIVES,  evaluation  of  L20,  L90,  L158,  L370e, 
L592,  L630,  L849,  L857,  L803,  L871,  L875, 

LBE3,  LQ93,  L905,  L906,  L9Q9,  L91D,  L92.3.  , 

LS73,  L10S5,  LI  150,  LIIOI,  LII33,  LI25S, 

LlSflO,  LI262,  LI303,  L1375,  LJ460,  L147G, 
L15I4,  LI813,  LI 627,  L1C31,  L1635,  L1PS8, 
L1G39-L1G41 

EXPLOSIVES— hole  volume  relationship  LAOS. 

L1262 

EXPLOSIVES,  inflammability  of  L84B  '  -  '  0: 
EXPLOSfVES,  loading  of  L122,  L210,  L210,  L414, 

v  pnfy  r  nnrt  t  ooo  *1044  f  flflob  1  1  ft*>0 

UUO  «  ,  2-1  I  J  I  r  UUVV,  Li  »j  Dji t-'W j  UiuxtJt 

EXPLOSIVES,  pouring  of  L217,  L590,  L788,  L883, 

LI  040,  L1244  :  • 

EXPLOSIVES,  pre-pressed  L218  . 

EXPLOSIVES,  radiography  of  see  .RADIOGRAPHY 
ol  explosives  t1  : 

EXPLOSIVES,  sensitivity  of  L380,  L893,  zA640,  -• 

L1041  . 

EXPLOSIVES,  strength  of  L79B  i  - 
EXPLOSIVES,  target- synthesized  LI287 
EXTREME  altitude  experiment-  L96-L93,  L405,  -  - 

L428,  L711,  L128G,  L1328,  L1G80 

‘  «  ‘  •'  1 1  ,  '  -r 

FAUSTPATRONE  see  PANZERFAUST  ‘ 

FIRE  MAN- Pugh  theory  see  PUGH  theory  ’■  ! 

FLASH  photography  1.-526^  1-G45,  L951-L9SS,  LG56, 
L977  sec  also  PHOTOGRAPHY;  RADIOGRAPHY 
FiASH  rafllography  LSQB,  L31B,  L256,  L38I,  - 
L284,  L508,  L513,  L1208,  L1471  ; 

FLASH  tube  L308,  L538,  L539,  -L9f)0,  L972,  L981, 
L982,  LI615,  L1C25  '  ;  ■ 

FLAT  charge  see  PLATE  charge  (French) 

FLYING  DustbCTlL80 

FOCUSING  of  Jet  LS5,  L101,  L249,  L777,  LEW, 
L11G9,  L1213,  L1355,  L1474,  L1677 
FOCUSING  of  spalled  particles  L35B,  L136G 
FGLLOW-through  bomb  L118,  LI28,  L132,  L152, 
I/..T4,  MM  U11il-M)2tl.  1Jm  T.H26-LB30,  L8M. 
L643,  L84e[  L849,  L550,  L8I.S,  LI143,  L1S74, 
L1397,  L1195,  LI  543  see  also  BOMB,  anti¬ 
submarine  follow-through 
FOLLOW-through  effect  from  doubled  liner  L1238. , 
L1386 

FOLLOW-through  grenade,  10  in.  t,875,  LCP5 
FOLLOW-through  pellet  L128,  L151,  L1006-L1099,- 
Lllll 

FOLLOW-through  projectile  (general  and  US)  L59, 
L87,  L68,  L75,  L88,  L221,  L4C-E,  L343,  L532, 
L321,  L971,  L972,  L1105,  L111C,  L1113,  L11I4, 
L1131-L1136,  L1368,  L1369,  L13flG,  L1SD4 
see  also  BOMB,  antisubmarine  follow-through; 
FOLLOW-through  bomb 

FOLLOW-through  projectile,  fuze  for  L822,  L035, 
L970,  L1I91  .  • 

FOLLOW-through  rochet  L152,  L1115,  L1116,  L1374 
FOLLOW-through  shell  (general  and  US)  L11U3- 
L1104,  L1108-LU0D,  Lilli,  L1112  . 

FOLLOW- Ihrougb  shell  (Dritlsh)  L153,  L179.  L644, 
L1400,  L1403 

FOLLOW-through  shell  (German)  L401,  L402,  L690 
FOLLOW-up  projectile  L221 
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FOUNTAIN  charge  L865,  L872,  L089,  L1481,  L1509 
FRAGMENT  collection  see  FRAGMENT  recovery 
FRAGMENT  gun  L456,  'CTI4,  MSI,  L495,  L813 
FRAGMENT  penetration  L614  ■ 

FRAGMENT  recovery  LS5,  L141,  L830,  L0h6, 

L8G4,  L909,  L956,  L957,  M316,  L1323,  L1336,  . 

L1547  sec  also  JET  collection;  SLUG  rccovory 
FRAGMFNT  velocity  L96,  L9B,  L114,  L254,  L271, 
L320,  L456-L458,  L464,  L4T4.  L475,  L4Sf, 

L4S4,  L508,  Lb09,  L542„  L608,  L60U,  L81U 
L6I4,  L629,  LG34,  L859,  L044,  L952,  L1278, 
L1265,  LI 292,  L1297,  L:2S9-L1301,  L1395, 

L1333,  L1334,  L1336,  L1343,  L1547.  L<  559, 

LI680 

FRAGMENTATION  L45,  L5B,  L125,  L155,  L020, 
L630,  L832,  L1274,  L1345,  H360  ace  also 
CONTROLLED  fragmentation;  SPALLING 
FRAGMENTATION,  distribution  law  lor  L259 
FRAGMENTATION,  sleeve  lor  L399 
FRAGMENTATION  behind  target  LI,  L68,  L138, 

L146,  L163,  L-m;  L328,  L67C,  L908,  L1318, 
L13I9  sec  also  TARGET  damage 
FRAGMENTS  see  PARTICLES 
FRAGMENTS,  chemical  change  in  L141,  L1300 
FRAGMENTS  interaction  ol  wiih  explosion  producto 
L67,  L141,  L157,  L495 
FRAGMENTS,  melting  of  LEO,  L53 
FRAGMENTS,  metallurgical  examination  of  L141 
FRAGMENTS,  projection  of  by  detonation  waves 
gee  DETONATION  waves,  projection  of  fragments 

Ey“ 

FRAGMENTS,  size  distribution  of  L53,  L66,  L137, 
L141,  LI319,  L1331,  L1338,  L1340,  L1341,  L1343, 
LI  547,  L1587 

FRAGMENTS,  thermal  change  In  L141 

FUZE  (general  and  US)  L257,  L370I,  L842,  L1109, 

LI  114,  LI375 

FUZE  (British)  L75,  L140,  L154,  L135,  L261,  LU85, 
1L1428 

FUZE  (German)  L2,  L198,  L3D3„  L494,  Le85,  1.1089, 
L1093,  L1498  . 

FUZE  (Swiss)  L1315 
FUZE,  AN-M103  L695,  L972,  L980 
FUZE,  M52B1  L089-L973 
FUZE,  M52R1  L595 
FUZE,  M103  L1452,  L1453 
FUZE,  TI8  L1448 
FUZE,  T2000’  L983,  L984 
FUZE,  T2003  L538,  L979,  L982 
FUZE,  base-detonating  L370f,  L709,  L730,  L74U, 
L750,  L753,  L7S8,  L785,  L980,  L981 
FUZE,  "discriminating"  (German)  L134B 
FUZE,  electromagnetic  see  FUZE  T-18;  FUZE 

T2003  * - 

FUZE,  inertia-activated  1,649 
FUZE,  piezoelectric  LI238,  L1337,  4,1447 
FUZE,  point-detonating  see  FUZE,  M5231 
FUZE,  point-initiating  LS31,  L662,  L707,  L724, 

L730,  L740,  1,751,  L7E3,  L755,  L758,  LVfl'j, 

L144G,  L1480,  H490 

FUZE,  spitbaric  t,624,  L538,  L682,  L8B6,  LSOO, 

L981,  L101G,  LI185,  L1208  see  also  FUZE 
(general  and  US)  FUZE,  T2003;  INITIATION, 
shaped  charge  element  for 
FUZE  delay  L3B2,  L848,  L849 


GAINE  see  BOOSTER 


GAS  prtesure,  effect  of  on  jet  formation  L595 
GENERAL  Wade  charge  L73,  L78,  L80,  LBI,  L84, 
L86,  L37,  L90,  L15f  1-L1555,  L1562,  L1583, 
L1596  seealjso  LINEAR  charge 
GRENADETSelglan)  L394 
GRENADE  (Chinese)  L14S4,  L1485 
GRENADE  (German)  L162,  L180,  L161,  L193,  L225, 
L22G,  L372,  L4(U,  L1363,  LI  384,  L1415,  L1507, 
LI6QI,  LI65I,  U652,  LlE=9,  LISSS,  L1575 
see  also  ANTITANK  magnetic  charge  (German) 
GRENADE" (Hungarian)  L1654 
GRENADE  (Japanese)  L114Q,  L1210 
GRENADE  (Russian)  L37Dm,  L700,  L988,  L1463, 
L1488,  L1600,  L1632 
GRENADE  (US)  L875,  L887 
GRENADE,  T24,  10  in.  L875,  LE95 
GRENADE,  follow-through  sea  FOLLOVZ-through 
grenade,  10  in. 


HCR,  penetration  of  aee  PENETRATION  of  com- 
posite  target;  PROTECTION,  plastic  armor  for 
HEAT  projectile  see  PROJECTILE,  HEAT 
HAMMER  L224,  ‘CS13,  L141V  see  also  ROCKET 
(German) 

HAYRICK  L80,  L717,  L1207,  L1541,  L1542,  L1552, 
L1598,  Li 641  scejilso  LINEAR  ciiarge 
HEADLIGHT  Leo  see  also  DEMOLITION  charge 
(German) 

HELLER  L295,  L313,  L370n,  L433-L436,  L678. 
L679 

HIGH  velocity  acceleration  of  heavy  mass  see 
ACCELERATION  of  solid  object  by  shape3— charge 
detonation:  MISZNAY-Schardin  effect;  PRO¬ 
JECTILE  velocity  from  Missnay-Schardln  effect 
HILL-Mott-Pack  theory  L72,  L284,  L270,  L480, 
L500,  L553,  L5E0  see  alga  JET  formation  theory 
HISTORY  of  shaped  charge  LIS,  L3C,  L105,  L244, 
L370a,  L395,  L652,  L675,  L087,  L779,  L1070, 
U149,  LI183,  L1214,  L1353,  L1501,  Lie73, 

LI  674 

HOHLHINGLADUNG  L1078,  L1242 

HOLE,  velocity  of  expansion  ol  L202  -  ! .  . 

HOLE  contour  L72,  L484,  L490,  L589,  L594, 

L1068,  LI 510 

HOLE  diameter  L16Q,  L541,  L602,  L053.  L1093 
LI  897 

HOLE  dlameter--cavity  diameter  relationship 

Eee  CAVITY  diameter— hole  diameter  relation-  • 
ship 

MOLE  formation  L49,  L144,  L173,  L624,  LS13. 
L1278,  L1395,  L1475 

HOLE  volume  L150,  L509,  L594,  LC  ’.2,  L1451 
gee  also  PENETRATION  depth 
HOLE  volume— apex  angle  relationship  pqo  Apex 
angle— hoie  volume  relationship 
HOLE  volume,  calculation  of  LI74,  L10Q7 
HOLE  volume— charge  diameter  relationship  see 
CHARGE  diameter— hole  volume  relationship- 
HOLE  volume— charge  length  relationship  sea 
CHARGE  length-hole  volume  relationship 
HOLE  volume— detonation  pressure  relationship 
sec  CLTONATICH  pressure-hole  volume 
relationship 

HOLE  volume— explosive  composition  relationship 
sec  EXPLOSIVES — huie  volume  relaiionstnp 
HOEF volume-jet  energy  relationship  see  JET 
energy-hole  volume  relationship 
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HOLE  volume— liner  material  relationship  cee 
LINtn  material— hoie  volume  relrtionshlp 
HOLE  volume— standoff  relationship  sea  Standoff- 
hole  volume  relationship 
HOLLOW  charge  shell  see  SHELL 
HOLLOW  charge  weapon  see  WEAPON  using 
shaped  charge  effect 

HOPKINSOX  Bar  effect  L921,  L116D,  L12B7, 

L1305,  LI366 
H0WTT2ER  L24G,  L987 

HYDRODYNAMIC  theory  o£  detonation  waves  L70D. 
LOOS,  L1375 

HYDRODYNAMIC  theory  of  jet  formation  L54,  L76, 
L94,  LSS,  L172,  L205,  L216,  L220,  L253.L270 
L312,  L332,  L335,  LAOS,  L526-L528,  LG04, 
L606,  1859,  L923,  L1072,  LU43,  L1238 
see  also  JET  formation  theory 


IGNITION  control  see  DETONATION  waves,  shaped 
INCENDIARY  effecl~t359,  L399,  L408,  L535  L967 
L1139.L113e,  L137S,  L1G7S 
INDEX  of  NDRC  repts.  LS78 
IN  DO  ST  RIAL  APPLICATION  of  shaped  chartm  L3D6 
L412,  L430,  L431,  L651,  L677,  LSB6,  L990, 

LI 07 6,  LI  123,  L1145,  L1148,  L1149,  L115C- 
L1159,  L1217,  L1358,  L1359.  L13B9,  L1570, 
L159Z.  L1G50,  LI055,  L1665,  L1679  see  also 
BLASTING;  MINING,  shaped  charge  In;  OlITWell 
shooting 

INHIBITOR,  collapse  see  COLLAPSE  Inhibitor 
INITIATION  L140,  Ll537  L822,  L342,  L0C2,  LA71. 
L895.  L92B,  L963,  L972,  L1QS3,  L1102-LH04, 
L1213,  L1474,  L1505,  L1509,  L1579,  L1502 
soe  also  BOOSTER;  DETONATOR;  FUZE 
INITLYTION,  axial  L1380,  L13H1,  LI363,  L1388 
INITIATION,  double -sided  L691 
INITIATION,  off-axial  L208,  L534,  L97D,  L1289 
L1G77 

INITIATION,  peripheral  L321,  L462,  L467,  1473. 

L-174,  L1236,  L12G1,  L1327,  L1505 
INITIATION,  pointer  L47,  L155,  L421,  L8G3,  L1E75 
INITIATION,  shaped  charge  element  for  L53B,  L9G4, 
L971.  L115I,  LI 34 8  see  also  FUZE,  spitback 
INITIATION,  shell  used  for  CT09O,  L12C8 
INITIATION,  simultaneous,  at  2  points  L691,  L1090 
INITIATION,  simultaneous,  of  2  charges  jL604,  1,628, 
L1295 

INVERTED  shaped  charge  see  CUTTING-tube  charge 


Jagerfaust  L402 

JET,  composition  of  L32,  L320,  L379,  1.1010,  H30R 
L1319  '* 

JET,  damage  by  see  TARGET  damage 
JET,  deceleration-^  see  PARTICLES,  deceleration 
of 

JET,  destruction  of  see  PROTECTION 
JET,  dispersion  of  see  DISPERSION 
JET,  electric  field  in  vicinity  of  L269,  L1165. 

L116S.  LU6B 

JET,  erosion  by  L29,  L31,  L35 

JET,  fluid  L36,  L54,  L134,  L144,  L145,  L14S, 

L150,  L1GC,  L171,  L182,  L201  see  also  HYDRO- 
DYNAMIC  theory  of  jet  formation 
JET.  focusing  of  see  FOCUSING  of  jet 
JET,  geometrical  Tactors  affecting  L134 
JET,  incendiary  see  INCENDIARY  effect 


JET,  lethality  of  L288,  L35S,  L3(9,  LG42,  L120G, 
L1310 

JET,  luminosity  of  see  PARTICLES,  flashing  of 
JET,  metallic  deposif'frotn  L137 
JET,  particle  L3G,  L134,  L144-L148,  L15l»  L1Q0, 
LI. 92,  LZ01  ... 

JET,  particle  behavior  along  L869  •  •  : 

JET,  particle  distribution  in  L89,  LI41,  L157.  '• '  ■. 

li  144  ..  yf„- 

JET,  persistence  of  L116,  L134,  L137,  LI 4 5  / 

JET,  photography  of  see  JET  jormatlon,  photog-  1 
raphy  of;  PHOTOGRAPHY  -  .  >.'C 

JET,  primary  Li  59,  L004  • 

JET,  radiography  of  see  RADIOGRAPHY;  PHOTOG¬ 
RAPHY 


JET,  rearward  (ccllnear)  L274  •  ' 

JET,  secondary  s£e  AFTER-Jet 

JET,  spectra  of  see  SPECTROSCOPIC  ttto  Jyolr*  J  ‘  - 

JET,  steady-state  L454 

JET,  velocity  distribution  in  1434,  L534,  L595,  r.  ; 

L604,  L869  . 

JET  characteristics  I,E3,  L89,  L137,  L443,  L58B, 
L693,  LGG5,  LG00,  L602,  L1J.G5  -  :'i 

JET  collection  L&yO,  LG93,  L698,  LU09,  1,1323 .  ,  ■. 

see  also  FRAGMENT  recovery;  PARTICLES,  :  *  ■: 
separation  of  from  foreign  material;  SLUG 
recovery 

JET  density  L41,  L144,  L150,  L182,  L483  ■  . 

JET  density- -liner  density  relationship  L159  ■  '  .-  i 

JET  diameter  L522,  L625,  L954,  L977 
JET  cm  :gy  LisO,  L182,  L594,  L1280  see  also 
JET  kinetic  energy  > 

JET  energy— hole  volume  relationship  L65,  L175 
JET  formation  L25,  L28,  L30,  145,  L46,  L49,  L125, 
El 56,  L157,  L247-L249,  L274,  L381,  L42C,  L440, 
L518,  L801,  L6D3,  L605,  LS24,  L053,  L904, 

LG77,  L116-1,  L1169,  L11S2  .  I 

JET  formation,  effect  of  damping  on  L157 
JET  formation,  eifect  of  inside-liner  gas  pressure  on 
L505 


JET  formation,  hydrodynamic  theory  of  see  HYDRO- 
DYNAMIC  theory  of  jet  formation 
JET  formation,  mathematical  calculation  of  L4S6, 
L4S8,  L628,  L1384 


jli  tormatiop,  photography  of  L54,  L5B,  L83,  L180, 
L219,  L247,  L309,  L310,  L33S,  L341,  L382,  L520, 
L603,  LEGS,  L977,  L1143,  L1304,  L1329,  L1471, 
L1497  see  also  PHOTOGRAPHY;  RADIOGRAPHY. 
JET  formation,  water  model  of  L405 
JET  formation  in  rotating  charge  L26G,  L267,  L332, 
L523,  L6i7,  L6!8,  L1143,  L1384 
JET  formation  theory  LSI,  LC2,  L120,  L141,  L160, 
L172,  L312,  L333,  L362,  L395,  1437,  L441, 

I486,  L507,  L510,  L600,  LB04,  L929,  L1143, 
L1371,  L1375,  L1G04  see  also  BETHE  theory  '  • 
of  penetration;  HILL-MottTpach  theory;  HYDRO- 
DYNAMIC  theoiy  of  jet  formation;  PENETRA¬ 
TION  theory;  PL'GI!  theory;  SHAPED  charge 
tln.'ory;  SHOCK  waves,  jet  formation  theory  of; 
SPALL  theory  of  jet  formation 
JET  formation  theory  (German)  L4U1,  L650 
JET  kinetic  energy  L25,  L253,  L486,  L904,  L977, 
L1243,  LI  2 51),  L12G4,  L1387 
JET  kinetic  energy,  measuremesil  of  L539,  L778 
L930,  LI 2 47,  L1248  .  f. 

JET  length  L144,  LlSO,  L182,  L1336 
JET  mass  L253,  L275,  L27P,  L279,  L341,  L527 
L5S3,  L524,  L598,  L1254  ’  . 
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JET  momentum  L255,  L530,  1,594,  L1254 
JET  momentum- -penetration  depth  relationship 
L245 

JET  particles  see  PARTICLES 
JET  perforafor"Xl055.  L1063 
JET  performance  L505 
JET  residual  energy  L124? 

JET  shape  L441 

JET  tapper  L360,  L363,  L371,  1.468,  L090r  U04Q 
L1047,  LlOEO,  LI052-IOSO,  LI062-L10B4,  L1359, 
L1389,  L1G55 

JET  temperature  L377,  L379,  L3H1,  1,1155,  L1173, 
L1608,  L1G09 

JET  velocity  L39,  L56,  L98,  L27S,  L3?0c,  L483, 
L518,  L953-L955,  LB05 
JET  velocity,  calculation  of  L1087 
JET  velocity--charge  length  relationship  see 
CHARGE  ler,3th--}cl  velocity  relationship" 

JET  velocity,  emergen!  L540,  L1261 
JET  velocity,  initial,  effect  cf  If.ner  thickness  on 
L488,  L1234 

JET  velocity,  measurement  of  L54,  L165,  L194, 

L540.  LE88,  L5H9,  L594,  L805,  L939,  L959, 
L958-L960,  L962-L904,  L967,  L977,  L1310; 

L1323,  L1399,  L1402,  1,1502,  L1537,  L1544 
JET  velocity-  -penetration  depth  relationship  LC2, 

L144 

JET  velocity--peneti-atlon  velocity  relationship  L335 
JET  velocity  gradiem  L187,  L434,  L483,  L591,  L594, 
L006 


KFT  see  FOI  ..OW-through  grenade,  10  In. 

KERR  cell  photography  L315,  L317,  L381,  L382, 
L403,  L439,  L443,  L453,  L4S0,  L477,  L432, 
L508,  L601,  L603,  L607,  L825,  1627,  L12C8, 
L1497,  LI 508 

KTSTIAaroWHKY  experiment  L817,  L860 

LACROSSE  see  WEAPON  using  shaped  charge 
effect  (USF- 

LAZY  slurry  see  PROTECTION,  chemical  com¬ 
pounds  for 

LEDGE  effect  L1252 

LENS  (2  explosives  of  different  detonation  velocities) 
L1243,  L1355 

LENS  (German  term  for  barrier)  see  DETONATION 
waves  shaped  by  barrier 
LrNEAR  charge  L7,  L5B,  L426,  L519,  L800, 

L861,  LC63,  L868,  L870,  L881,  L882,  L914, 
L925,  L939,  L941,  L950,  L951,  L903,  L1149, 
L1203,  L1207,  L1320,  L1351,  L1538-L1540, 
L1543,  LI  595  see  also  CHAKGM  calculator: 
EXPLOSIVE  charge,  V-shaped;  TROUC-H  charge; 
UNDERWATER  linear  charge 
LINEAR  charge,  standoff  of  see  STANDOFF  of 
linear  charge 

LINEAR  charge,  winter  tests  on  L1610,  L1C49 
LINEAR  charge  of  cowbell  cross-section  L519 
LINEAR  charge  of  triangular  cross-section  L519 
LINER,  M6  L539,  LB59 
LINER,  MG7,  L850 

.  LINER,  M9A1  L480,  L504,  L521,  L522,  L359, 

L887,  L889,  L905,  L1513 
LINER,  M9A2  L1634 
LINER,  aberration  of  L534 
LINER,  alloy  L1014 


LINER,  aluminum  L93-L101,  L131,  LIT?,  L194, ' 
L328,  L342,  L439,  L444,  L477,  L541,  L744, 

L745,  L857,  L372,  L1037,  L1043,  L1277,  L1284, 
L1286,  L1316,  L1319,  LI322,  L132E,  *,1328, 
L1309,  LI388,  L1399,  L1402,  L1472 
LINER,  antimony-lead  L1525 
LINER,  axial  lube  tn  L8€0 
LINER,  bell-shaped  L047,  L1083,  L1E78 
LINER,  bimetallic  L83,  L753,  L358,  L862,  L879, 
L831,  L1043,  LI  268,  L1277  see  also  LINER, 
composite;  LINER,  cepper-claH’steef 
LINER,  bottle-shaped  LC57,  L1C01,  LI 602,  L1G70, 
LI  878 

LINER,  brass  L47,  L115,  L194.  L1181,  L128S, 
L1402,  L1472,  L1515,  L1550 
LINER,  cadmium  L32,  L48,  L131,  L165 
LINER,  carborundum  14 
LINER,  carburized  L1445 
LINER,  ceramic  L8G0 
LINER,  cerium  L1678  ' 

LINER,  collapse  of  see  COLLAPSE 
LINER,  combination  1.912 
LINER,  composite  L-528,  L858,  L1088 
LINER,  conical  L58,  LI  15,  L209,  L210,  L277, 

L300,  L301,  L310,  L321,  L322,  L328,  L372, 

L381,  L363,  L414,  L433,  L430,  L439,  L444, 

L479,  L601,  L541,  L0O1,  LG23,  L047,  L657, 

LG69-I.671,  LI42,  L745,  L857,  L874,  L1001, 

LI 002,  L1004,  L1073,  L1074,  L1083,  L1125, 

LI  144,  LI  212,  L1227,  L1232,  L1255,  1  1250, 

LI 262,  L1299,  L1304,  L1303,  L1321.  L1325, 
L1327,  L1328,  L1342.  L138G,  L1388,  L1476 
L1G15,  L1032-L1634,  L163C,  L1G38 
UNER,  copper  LI  15,  1,199,  7,215,  L227,  L310, 

L31G,  L322,  L328,  L342,  L359,  L433,  L436, 

L439,  L444,' L48J,  L483,  L484,  L496,  L539, 

L541,  L581,  L593,  L625,  L009-L371,  L697,  L738, 
L742,  L745,  1,759,  L7G1,  L700,  L839,  L857,  L870, 
LS70,  L891,  L893,  L999,  LB34,  L1005,  L1014, 
L1018,  L1026,  L1037,  L1043,  L1074,  L1125, 
L1218-L1224,  L1220-Li223,  L12S2,  L1234, 

L1235,  L1277,  L12e5,  L129B,  L1304,  11309, 

7,1310,  L1319,  L1322,  1,1335,  L1331,  L1334,  "  ' 
L1341,  LI342,  L1472,  L1588,  L1C38 
LINER,  copper-clad  steel  L879,  L801 
LINER,  copper-silver  alloy  L199 
LLNER,  cylindrical  L215,  L309,  L5B5,  L949,  L1931, 
L1233,  LI  247 

LLNER,  disc  L42,  L127,  L447,  L458,  L471,  L952, 
L1409 

UNER,  dish-shaped  LCC,  L1327,  L1328 
LINER,  distortion  of  controlled  L534 
LINER,  dome-shaped  L675 
UNER,  doubled  L1238,  L1386 
LINER,  ellipsoidal  L383 
LINER,  flanged  L147,  L268,  L48' 

LINER,  fluted  L210,  L211,  L331,  L334,  L3701, 
L450-L452,  L461-L4G3,  L47G,  L479-L481,  L497, 
L498,  L502,  L505,  L511-L513,  LG16-L621,  L035- 
L640.  L1005,  L1011,  L1013,  L1015,  L1019,  L1024, 
L1027,  L1030,  L1036,  L1039,  L1045,  L1213, 

L1334,  L1568.  L1654 

LINER,  fluted,  manufacture  of  L449,  1.4G0,  L477, 
7-478,  L490,  L538,  L'.2I9,  L1220,  L1222,  L1224, 
L1226-L1231,  L1233-L1235 
UNER,  frustum-shaped  L1238 
UNER,  glass  L4,  L8G5,  L878,  L910,  L912,  L1525 
see  also  LINER,  Pyrex 
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UNER,  gold  Li220.  LI221,  L1223,  L1225 
LINER,  grooved  L4I3,  L533,  L613-L61S,  L629. 

LG30,  LS70,  L1331,  L1341,  L1343,  L140G 
LINER,  halved  L373,  L860,  L864,  L86B 
LINER,  helmet-shaped  L3B0,  L381,  L65G,  L6BS 
LINER,  hemlcylindrical  L249,  Li250,  Lld&l,  L1253 
LINER-  hemisnherical  M6.  L63.  LR9,  L94,  1.127, 

L209,  L249,  L274,  L277^  L300,  L31D,  L7.75,  L37G. 

L3B1,  L3G3,  L524,  L533,  L539,  L54I.  LGOI,  LG47,  ' 
LEES,  L057,  LS71.  LIOIS,  L1017, '  L1025,'  L1083, 

L1144,  LI  149.  LI255,  LI296,  LI339,  L133S, 

L1333,  L140G,  LI4G9 
LINER,  high  explosive  L1GG3 
LINER,  iron  L32,  L310,  L353,  L374,  LOGO,  L658, 

L832,  L877,  L1149,  L1472,  L16/B 
LINER,  lead  L342,  L847,  LB 57,  L1285,  LV369, 

L1472,  LI 503.  L1SS5 
LINER,  magnesium  L1377,  L1472 
LINER,  manganese-bron/e  L1181 
LINER,  manganese-steel  LI276 
LINER,  manufacture  oi  L332,  L370c,  L455,  L434, 

LOOl,  L534,  LG70,  L671,  L742,  L790,  L874, 

L1C33,  L1C35,  L1037,  L1073,  L1125,  L1218-L1225, 
L1524,  L1636 

LINER,  metal  powder  Le89 

LINER,  metallurgical  examination  ol  L3JS,  L353, 

L1603,  L1605,  U:17,  L16G8-L1G68,  L1G70, 

L1G71 

LINER,  miscellaneous  see  LIIiER  shape 

LINER,  monel  L1265 

LINER,  mosaic  L445,  L475,  L494 

LINER,  obstructed  L85B 

LINER,  oflset  L204,  L52I,  L534  see  also 

LINER,  trumpet;  LINER  alignment;  LINER  sym¬ 
metry 

LINER,  painted  L1SS4 

LINER,  paper,  L2l0,  L211,  L259,  L925,  L158B 

LINER,  pear-shaped  L167,  L4G3 

LINER,  petrolatum  in  L&60 

LINER,  photomicrography  ol  L1669 

LINER!  Plexiglas  L12S9,  L1304 

UNEIL  porcelain-enameled  L877 

LINER,  Pyrex  L904,  L906 

LINER,  radiography  of  see  RADIOGRAPHY  ol  liuer 

LINER,  rod  In  L8G0 

LINER,  rubber,  L212,  1,213,  L1343 

LINER,  sand  L51G,  1  522,  L952,  L953 

LINER,  scale  law  for  L15S,  L188,  L497.  L512,  L862, 

L1212 

LINER,  sectioned  L528 

LINER,  segmented  L527,  L528,  L805,  L832,  L857, 

L861 

LINER,  separation  o!  Irom  explosive  see  SEPARA¬ 
TION  of  charge  and  liner  ' 

LINER,  serrated  see  LINER,  fluted 
LINER,  silver  L1220,  L1221,  L1277 
LINER,  spherical  curvature  ol  sec  LINER,  domo- 
shaped 

LINER,  steel  L4,  L6-L10,  L34,  1-46,  L131,  L105, 

L177,  LI82,  L199,  L251,  L254,  L32e,  L342,  L414, 

L439,  L4C2,  L480,  M81,  Lf.22,  L539,  L541, 

LEST,  L6C5,  L697.  L744,  L7GJ,  L781,  L782, 

I800-L802,  L815,  L834,  L835,  L837,  L349, 

L857,  L862,  L872.  L877,  L87D,  L834,  L888, 

L889,  1,891,  L910,  L925,  L9b0,  L953,  L1018, 

L1043,  L1083,  L1181,  L1255,  L125B,  L12G3, 

L1276,  1,1277,  L1235,  L130C,  L1319,  L1328, 

L1342,  L1388,  L1488,  L1502,  L155S,  L1G32, 

L1G33,  L1B38 
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LINER,  steel,  manufacture  ol  L795,  L7B6,  L-874, 
L8G8,  L9I0,  L912 

LINER,  tapered  L147,  L158,  LIBS,  L472,  L4e8, 

L494,  1,651,  L656,  L1031,  L12I2,  L1404 
LINER,  thorium  L1670 
LINER,  tin  L182,  LI502 
LINER,  tracer  in  L475,  1 1299,  L1304 
LINER,  truly  conical  L623,  L625 
LITTER,  trumpet  L209,  LSIO,  L3H,  L533,  L»X, 
LG10,  LSIG,  LICG3,  LiOIo,  LI017,  LI025,  LI243, 
LI247,  LI406,  U469 
LINER,  truncated  L40,  L949 
UNER,  tube-enclosed  L1237 
LINER,  tungsten-carbide  L399 
LINER,  U-shaped  L675,  L1G12,  L1G25  see  also 
EXPLOSIVE  charge,  U-shaped 
UNEP,  V-shaped  L453,  LoGS 
LINER,  window  in  L860 

LINER,  wire  through  L534,  L932,  L1028,  L1041  . 
UNER,  zinc  L342,  L£57,  L1285 
LINER,  zinc  (German)  L195,  L372,  L085,  L10B3, 
TA472 

LINER  alignment  L330,  L370c,  L621,  L534,  L0O7, 
L8G2.  L8BD,  L894,  L899,  L955  see  also  SYM¬ 
METRY  . 

UNER  angle  see  APEX  angle 
LINER  deformation  see  COLLAPSE 
LINER  density- -Jet  density  relationship  see  JET 
density— liner  density  relationship 
LINER  design  L301,  L370c,  L407,  LS50,  L9O0, 

L1483  see  also  LINER  shape 
LINER  diameter  L421,  L852,  L807 
LINER  disintegration  L907,  L106D 
LINER  eccentricity  L980 

UNER  Imperfection  L322.  L330,  L370c,  L433,  L501, 
L590,  L597,  L599,  L713,  L1677  see  also  SYM¬ 
METRY 

LINER  lmperfcction--charge  performance 
relationship  L598,  L10O3,  L1B05 
LINER  length  L624 

LINER  mass-slug  mass--jet  mass  relationship  L527, 
L52E 

LINER  material  L49,  L220,  L301,  L310,  L401,  L409, 
1-421,  L531,  LG51,  LG52,  L779,  LP02,  L894,  L909, 
L928,  L947,  L1037,  L1261,  L1293,  L1321,  L1327, 
LI472,  L1403,  L1524 

LINER  material— hole  volume  relationship  L444 
LINER  material — standeff  relationship  L870 
LINER  shape  L66,  L205,  L359,  L401,  L525,  L541, 
L579,  L665,  L779,  L909,  1,928,  L947,  L1145, 

L1385 

LINER  shapo,  effect  of  on  nenetratlon  L531,  L1068, 
L1474 

LINER  shirt,  effect  of  L865 

LINER  symmetry  L370c,  L421,  L521,  L554,  L598, 
L894.  L982  see  olso-  SYMMETRY 
LINER  thickness  Lll,  L-204,  L220,  L40S,  L521,  ' 
L461,  L463,  L476.  L477,  L4B1,  L497,  L505, 

LC51,  L652,  L865,  L892,  L984,  L0G4,  L1020, 
LI128,  K1251,  L1253,  L1255,  L1472,  L1501', 

LI  51 5,  L16G2 

LINER  thlcl;ness--apex  angle  relationship  LI2 
LINER  thickness — charge  length  relationship  1-864, 
L899 

LINER  thickness-charge  performance  relationship 
L601 

LINER  thickness,  optimum  L46,  L852,  L85G,  L1213 
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LINER  thickness-'DfcneLriUon  depth  relationship 
LUr  L47,  L342,  L434,  L758,  L744,  L0B9,  LX01S, 
L1026,  L1191 

LINER  thickness--slu[5’  weight  relationship  L93, 

LI  144 

LINER  weight  L531,  L539 

LINER  weight- -penetration  depth  relationship  L525, 
L954 

LIST  of  Physics  and  Ballistic  Institute  repts.r  L655 

LONG-range  charge  nee  ANTIAIRCRAFT  use  of 
shape!  charge;  MlfS'dNAY-Sehardin  effect;  STAND¬ 
OFF,  large 

LUCKY  see  INITIATION,  sliaped  charge  element 
for 

LUNGE  mine  (Japanese)  L241 


MACH  effect  L6B 

MACH  reflection  L85,  L245 

MACH  waves  L85,  L250,  L518,  L595,  L1139, 

L13R7,  L1375,  L1B00,  L1581,  L1583,  L1534, 

L1590  see  also  SHOCK  waves,  jet  formation 
theory  ol  ~ 

MARLEY  high  speed  camera  see  PHOTOGRAPHY, 
apparatus  for 

MASSIVLADDN1NGAR  L380 

METAL,  behavior  of  under  stress  L166,  L3C2, 

L650,  LI270 

METEORS,  shaped  charge  for  artificial  L1680 
MINE,  land  (general)  L316,  L350,  L455,  L45S, 

L459,  L495,  1,999,  L1153,  LI200-L12G2,'L12'J2, 
L1322,  L1325,  L1G06,  L1G07 
MINE,  land  (British)  L995,  L993,  L1204 
MIKE,  lar.d  (French)  L717,  L1178,  LH99 
MINE,  land  (German)  L222,  L3G3,  L1078,  L1458, 

LI  653 

MINE,  land  (Italian)  L1199 

MINE,  land  (Japanese)  L1377 

MINE,  land,  T23,  L1200-L1202 

MINE,  land,  T24,  L1200-L1202  •  ■ 

MINE,  land,  T25,  L1ZC0-L1202 

MINE,  land,  T28,  L1201,  L1202 

MINE,  land,  T28,  L1200,  L1201 

MINE,  land,  T2CE1  L1202 

MINE,  land,  T29  L1200,  L1201 

MINE,  land,  T30  L1200,  L1201 

MINE,  land,  multijet  L299,  L350,  L1200-L1202 

MINE,  trench  L1091,  L1092 

MINE,  water  (Japanese)  L1349 

MINE  field  clearance  by  shaped  charge  LG1,  L1493 

MINE  layer  L1203 

MINING,  shaped  charge  In  L30,  L412,  L430,  L65i, 
L915,  LU23,  L1149,  L1159,  L1501,  L1570, 

L1Q50,  L1G65 

MISZNAY-Schardtn  eflect  L42,  L43,  L48,  L50,  L105, 
LI  14,  L3R6,  L403,  L405,  L427,  L445-L443,  L456- 
L459,  L4G9-I.475,  L490-M95,  LG03-LB15, 
L029-LG34,  L923,  L952,  L1DBB,  L1091,  H092, 
L1146,  LI  153,  L1169,  L1192,  LU94,  L1195, 

L1204,  L1354-L135G,  L1379,  L1B06,  L1607, 

L1G53,  L16B3  see  also  /ACCELERATION  of 
solid  object  by  shaped  charge  detonation;  DISC 
cnarge;  PLATE  charge  (French);  PROJECTILE 
ve’oclty  from  Misznay-Schardln  effect;  PRO¬ 
JECTION  of  disc;  PROPULSION  by  shaped  charge 
detonation 

MOMENTUM,  conservation  of  In  explosion  L921 


MOUSETRAP  see  EOMB,  antisubmarine  piojector  : 
(Mousetrap) 

MULTIJET  bomb  sec  BOMB,  multijet  (British); 

EOKB.  multijet  (Japanese) 

.MULTIPLE  jets  1,427,  L1436  see  also  BOMB, 
multijet  (British);  BOMB,  muJtijet  (Japaneae); 
COMBINED  clutrge 

MUNROB  effect  L15-L19.  L28,  L31,  L35-L38, 

L49.  L54,  L50,  L61,  LB2,  L79,  L143,  L173, 
L652.  L551,  i ,929,  Li  122,  LII24,  LI 21*1,  L1240, 
LIZiC,  L1371,  L13S5,  L15G3,  L1503,  L1512, 
L1G42,  L1B43  see  also  JET  formation  theory 
MUZZLE-stlck  bomb  (German)  L149,  L683.  L380 

NEUMANN  effect  see  MUNROE  effect 


OBLIQUE  angle  of  attack  L772,  L1426,  L1520 
OEP.LIKON  (8-em.  rocket)  see  ROCKET  (Swiss) 
OFF-center  initiation  see  CCTIATION,  off-axial 
OIL  discovery  by  shapeTTciiirge  L398 
OIL  well  shooting  L1075,  L1148,  LI  1  DO -L1 158, 

LI217,  L1358 

PIAT  (Projector  Infantry  Antitank)  L167,  LS82, 

LlzIS,  L1394 

PPP  (Plastic  Protective  Plating)  see  PROTECTION, 
plastic  armor  for 
PANSARNAVEN  L1470 
PANZER3l)CHSE  LI67,  LB83,  L284 
PANZERFAUST  L191,  L22B,  1,348,  L370n,  1,399, 
L400,  L402,  L562,  LE75,  L648,  LS6D,  L683- 
LC66.  LS31,  L992,  L1C8U,  L1081,  L1117-Lin9, 
LI412-L1414,  L1450,  L1459,  L1470,  L1599  . 

PANZERSCI  RECK  L370n,  MOO,  LG60,  L1C93, 

LI  3  47 

PANZER3TABM1NE  L22S,  L1078 
PAMZERWURFMINE  LIB2,  L222  sec  also  GRE¬ 
NADE  (German) 

PARTICLES  L6B,  L320,  L329,  L362,  L518,  L904, 
L907.  L130B,  L1387  see  also  FRAGMENTATION; 
FRAGMENTS;  JET,  particle- 
PARTICLES,  deceleration  of  L356,  L12B5,  L1296 
PARTICLES,  erosion  of  L5G,  1157,  L12B0,  L1288, 
L12S9,  LI292,  L1293,  L1300,  H329 
PARTICLES,  flashing  of  L96-L98,  L335,  L358,  ' 

L37?.  L379,  LG07,  L1268,  L127I,  L1279,  L1281- 
H2S5,  L12S2,  L1294,  LI299,  L1537,  L1544,  * 

L157S 

PARTICLES,  Bight  of  L356,  L856,  L1280-L1284, 
L1294,  L1299 

PARTICLES,  focusing  of  spailed  ee  FOCUSING  of 
spalled  particles 

PARTICLES,  separation  of  from  foreign  material 
L590,  L593 

PARTICLES,  velocity  of  see  FRAGMENT  velocity 
PELLET  see  r  OLLO'A'-through  pellet  ’ 
PENETRATION  L35,  L68.  L99,  L10C,  L1I2,  L240, 
L373.  L433,  L443,  M54,  L4e0,  L0B3,  L800. 

L60I,  LG04.  L6Z4,  L67S,  L70G,  L711,  L730,  L740, 
L754,  L3b9,  L86Z,  L348,  L953,  L1303,  L1327, 
L145B,  L1634 

PENETRATION,  calculation  of  1,184,  ?  ?47,  L500,' 
L569,  L58I,  L931,  L105G,  L1060,  L1062-L10G4, 
L1067,  L1469,  L1494 

PENETRATION- -charge  diameter  relationship 
see  CHARGE  diameter --genet  ration  depth 
relationship 
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PENETRATION,  effort  of  apex  angle  oa  see  APEX 
angle --penetration  relationship 
PENETRATION,  effect  of  confinement  oa  see  CON¬ 
FINEMENT,  effect  ol 

PENET  RATION,  effect  of  "holding  lime”  on  L1042 
PENETRATION,  effect  of  loading  technique  on 
L1012,  L1040 

PENETRATION,  effect  of  temperature  changes  on 
L1009 

PENETRATION,  frequency  distribution  for  LaCw, 
L583 

PENETRATION,  measurement  of  1583,  L589,  L033 
PENETRATION,  mechanism  of  L2®,  L29,  L49,  L83, 
L145,  L160,  LI73,  L201,  LG25,  L1144,  L11E3, 
L1S95,  L1475,  L1574 

PENETRATION,  metallograDhic examination  of  LL73, 
L907,  L1395,  LI574 

PENETRATION,  photography  of  L591,  L023,  L959, 
L97D,  L1399,  L1497  see  also  PHOTOGRAPHY; 
RADIOGRAPHY  of  penetration 
PENETRATiON,  primary  L184,  Ism,  L554 
PENETRATION,  radiography  of  see  RADIOGRAPHY 
of  per  ctration 

PENETRATION  L357,  L540,  L551,  LS57,  L505, 
L56S,  L57 3,  L584,  L1055-L1057,  L1062,  L1164, 
L1166-L1168,  L1459 

PENETRATION- -rotation  relationship  see  ROTA- 
TIl)N--penetratlon  relationship 
PENETRATION,  .secondary  L184,  L202,  L553, 

L554,  L578  see  also  AFTER-jet 
PENETRATION,  target  strengtii  effect  oa  see 
TARGET  density  effect  on  penetration;  TARGET 
material;  TARCET  strength  effect  on  penetration 

PENETRATION  by  "Ideal"  jet  L395 
PENETRATION  by  projectile  L166  re-:  also 
BETHE  theory  of  penetration 
PENETRATION  by  slug  LGO,  L139,  UGG 
PENETRATION  data  L101,  Llib,  L217,  L238, 

L394,  L434,  L505,  L539,  L654.  LGS9,  L70I 
1708,  L71Z,  L714,  L724,  L727,  L729,  L731, 

L732,  L734,  L736-L739,  L741-L744,  L746- 
L748,  L750-L752,  L756,  L758,  L760,  L761, 

L7G8,  L7G9,  L775,  L8Q9,  L1032,  L1089,  L1162, 
L1262,  LI335,  L1337,  L1342,  L14EG,  L148B, 
L1610,  L1035 

PENETRATION  degredatlon  L34G,  L38T,  L481, 

L49G,  LX020,  L1147,  L1215,  LI423 
PENETRATION  depth  LI  50,  L447,  L509,  L60S, 

L905,  L955-L957,  L1090,  L1257,  L1G07,  L1G50 
see  also  HOLE  volume 

PENETRATION  depth,  calculation  of  L144,  L284, 
L370h,  L675,  L1048,  L1068,  LifGO,  L1557 
PENETRATION  depth--charge  diameter  relationship 
see  CHARGE  diamc!er--pcnetratlon  depth 
relationship 

PENETRATION  depth  -charge  length  relationship 
see  CHARGE  length--  penetration  depth  relation¬ 
ship 

PENETRATION  depth--chargo  weight  relationship 
see  CHARGE  weight- -penetration  depth  relation¬ 
ship 

PENETRATION  depth--jet  mewenvum  relationship 
see  JET  momentum --penetration  depth  relation¬ 
ship 

PENETRATION  depth — jet  velocity  relationship  see 
JET  velocity--penetration  depth  relationship  • 


PENETRATION  depth-- liner  thickness  relationship 
see  LINER  thickness— penetration  depth  relation¬ 
ship 

PENETRATION  depth-liner  weight  relationship  see 
LINER  weight— penetration  depth  relationship  ~ 
PENETRATION  depth — rotation  speed  relationship 
see  ROTATION  speed- -penetration  depth  relatlca- 
ship 

PENETRATION  depth— standoff  relationship  see 
STANDOFF — penetration  depth  relationship 
PENETRATION  depth  increased  by  barrier  L1327, 
L1473 

PENETRATION  distribution,  statistical  analysis  of 
L597,  L599,  L00O 

PENETRATION  of  brickwork  L1535,  L1536 
PENETRATION  cf  composite  target  L33,  L367, 

L544,  L.547,  L557,  L501,  LS62,  L566,  L508, 

L5G9,  L573-L575,  L58G,  L722,  L763,  L931, 

L1049,  LI051,  L1056,  L1059,  L1D50,  L1G04, 

LI  104,  M165,  L1167,  L11G8,  M2 57,  L1259, 
1,1322,  LI “25,  LI327,  L1450  see  also  TARGET 
PENETRATION  of  concrete  see  CONCRETE  demoli¬ 
tion;  CONCRETE  perforation;  CUTTING  of  beams 
and  pillars 

PENETRATION  oi  earth  LG54,  L699,  L712,  L924, 
L1259,  L1322,  L1325,  L1327,  M346,  L1593 
PENETRATION  of  pre-holed  target  L151,  L1132, 
L1133,  LI 523,  L1529,  L1532-L1535  ■ 
PENETRATION  cf  rock  U07.  L412 
PENETRATION  theory  L3G,  L54,  L65,  L72,  L184, 
L205,  L254,  L270,  L333,  L335,  L30S,  L483, 

L500,  L509,  L546,  L553,  L554,  L584,  L605, 

LBC6,  L777,  L928,  L929,  L931,  L1278,  L1300, 
L1371,  L1372,  L1375,  L1387,  L1441,  L1469, 

L1G07  sec  also  JET  formation  theory 
PENETRATION  theory  (German)  JL403,  L650, 

L1067.  L1474 

PENETRATION  theory  (Italian)  LU55  ' 
PENETRATION  theory  (Japanese)  L1349,  L1378 
PENETRATION  through  water  L41,  L646,  L781, 

L732,  L940,  L948,  L952,  L963 
PENETRATION  time  L182,  LGOO,  L952-L956 
PENETRATION  lime,  measurement  of  L540,  1.589, 
L5ll,  L594,  L947-L950,  L959-L962,  L1399 
PENETRATION  variation  see  SYMMETRY 
PENETRATION  velocity  LT52,  L518,  LS91,  L955, 
L950 

PENETRATION  velocity— Jet  velocity  relationship  • 
sea  JET  velocity — penetration  velocity  relation-  '  ■ 
ship 

PENETRATION  velocity,  measurement  of  L533- 
L590,  L977 

PENETRATION  I'alociiy  gradient  see  VELOCITY 
gradient 

PERFORATION  L557,  L984,  L1484  see  also 
CONCRETE  perforation 

PERFORMANCE,  formula  for  L499,  L1260,  L.1394 
PERFORMANCE  data  L199,  L236,  L238,  L2S3, 

L410,  L579,  L584,  L713,  L747,  L955,  L1238 
PERFORMANCE  uniformity  [,216.  L370c,  L3S5,  L563, 
L59G,  L597,  LG33,  L885,  L894,  LI245,  L1373, 
L162B'  see  also  SYMMETRY 
PETARD  missile- L649 

PHOTOGRAPHY,  apparatus  for  L254,  L258,  L3Q0, 
L314,  L315,  L317,  L344,  L370,  L4.I7,  L432, 

L432,  L514,  L537,  L540,  L360,  L944,  LI  146. 
L1275,  LI238,  L1289,  L13U4  see  also  RADIOG¬ 
RAPHY,  apparatus  for 
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PHOTOGRAPHS  L1290-L1.292,  L1299-L1301 

see  also  RLAST  wares,  photography  of;  DETONA¬ 
TION,  photography  of;  EXPLOSIVES,  rsd'.sgriphy 
of;  FI -ASH  photography;  JET  formation,  photography 
of;  KERR  cell  photography;  RADIOGRAPHY;  ^ 
SCHLIEREH  photography;  SHADOWGKAPEY;  ShARK 
cinematography;  SPARK  photography;  SPECTRO¬ 
SCOPIC  photography 

PLATE  charge  (French)  L1140,  L1W4,  L1I95 

see  also  ACCELERATION  of  solfd  object  by  shaped 
charge  detonation;  DISC  charge;  KISZNAY-Schar- 
dln  effect;  PROTECTION  of  disc;  PROPULSION 
by  shaped  charge  detonation 
PLUG  see  SLUG 

PROJECTILE,  HEAT  L108,  L227,  L228,  L23e, 

L240,  L202,  L265.  L281,  L287,  L29B,  L302, 

L304,  L306,  L324,  L343,  L347,  L352,  L364. 
L370k-L370m,  L411,  L5G2,  L641,  L682.  L597, 
L703,  L706,  L709,  L710,  L713,  L716,  L724, 

L727,  L729,  L732,  L737-L739,  L742,  L744, 

L74S,  L743,  L750,  L752,  L751,  L75S,  L75I- 
L763,  L7G7,  L987,  L993,  L1151,  L1152,  L1154, 
L11G8,  L1390,  L1394,  L1416,  LI45G,  41481, 

L1482,  L1485,  L1489,  L1G35,  L163B  see  al  jo 
BOMB,  HEAT;  SHELL,  HEAT 
PROJECTILE,  HEAT-T  L707,  L725 
PROJECTILE,  HEAT,  fin-stabilized  L105,  L235, 
L2G3,  L272,  L280,  L282,  L285,  L303,  L336, 

L33B,  L348,  L355,  L365,  L3G8.  L419,  L6S1, 

L698,  L7t9,  L728,  L730,  L731,  L733,  L740, 

L741,  L751,  L753,  L7  55,  L758,  L765,  L766, 

L1302,  LL311,  L1313,  L1315,  L1317,  L1318, 

L147B.  L1672 

PROJECTILE,  HEAT,  spin- stabilized  L232,  L327, 
L337,  L339,  L1074,  L1170-L1172,  LI  177,  L1179, 
L1307,  L1440 

PROJECTILE,  MGS  L7C9,  L750,  L1456 
PROJECTILE,  M67,  L227,  L2G5,  L272,  L697,  L725 
PROJECTILE,  M67E1  L227,  L240,  L697 
PROJECTILE,  M3D7A1  L707 
PROJECTILE,  M310A  L724 
PROJECTILE,  M310A1  (T39)  L71G 
PROJECTILE.  M324  LJG35 
PROJECTILE,  M66E2  L1450. 

PROJECTILE,  T20  L282 
PROJECTILE,  T43  L236,  L1G38 
PROJECTILE.  T84  L205,  L719,  L733 
PROJECTILE,  T108  1.283,  L304,  L36E,  L728, 

L730,  L740,  L1151 
PROJECTILE,  T108E1  L7G6 
PROJECTILE,  T108E11  L713,  L729,  L1478 
PROJECTILE,  T108E20  L302 
PROJECTILE,  T108E40  L752,  L767 
PROJECTILE,  T108E45  L755 
PROJECTILE,  T118  L296,  L321,  L738 
PROJECTILE,  T118E18  L739 
PROJECTILE,  T119  L737,  L1008,  L1008,  L1012, 
L1029 

PROJECTILE,  Tli9E8  L743 
PROJECTILE,  T119E11  L75G 
PROJECTILE,  T131  L33G,  L338,  1710 
PRGJECTILE,  T131E3  L410 
PROJECTILE,  T131E31  L235,  1.741,  Lito 
PROJECTILE,  T138  L282,  L29B,  L30S.  L1C,,.*4, 
LIMB,  L1003-L101D,  L1014,  L101B,  L1022, 
L1023,  L1025,  L1029 
PROJECTILE,  T138E20  L2H7,  L1QOO 
PROJECTILE,  T138E47  L756 


PROJECTILE,  T13GE57  L727,  t,73,7’.Jj746,  1,1035 
PROJECTILE,  T153  L355,  LhOfl,  L761 
PROJECTILE,  T153E8A  L754 
PROJECTILE,  T171  L1004,  L1029.  L1033 
PROJECTILE,  T180  L041 
PROJECTILE,  T184  L744 
PROJECTILE,  T184E3  L364,  L732,  L760 
PROJECTILE,  T184EG  L74C,  L7GS 
PROJECTILE,  T184E12  L702 
PROJECTILE,  T188E2  L731,  L75i 
PROJECTILE,  TIB8EI0  L758,  L765 
PROJECTILE,  T221  L742. 

PROJECTILE,  T221E12  L411 
PROJECTILE,  T230  LI074  " 

PROJECTILE,  T249  L1151,  Lila* 

PROJECTILE,  T274  L1170-L1172 
PROJECTILE,  T31QE10  Mil 
PROJECTILE,  T316E11  L411 
PROJECTILE,  T319  L641 
PROJECTILE,  aerodynamic  iitudy  ot  L.  iu, 

L2GS,  L287,  L336-  L338,  L355.  L385,  L368, 

L1004,  L1310  . 

PROJSCT1LE,  fin- stabilized  LS70i,  L1OO0,  LI  77, 

L1662 

PROJECTILE,  winter  tests  on  LU3 
PROJECTILE  for  rc-collless  gun  (Chinese)  L14B1 
PROJECTILE  for  recoilless  gtni  (German)  j133, 

L224.  LG58;  L1410,  L1G10 
PROJECTILE  for  recoilless  gun  (Russian)  L150B 
PP.OJECT1LE  velocity  from  Mloznay-Schardln  effect 
L1088,  L1091,  L1092  see  also  MISZNAY- 
Schardln  effect  „  „ 

PROJECTION  of  disc  L42,  LB0  L6C9  LG10. 
L613-LG1S  sec  also  ACCELERATION  of  solid 
object  by  shaped  charge  detonation;  DISC  charge; 
MISZNAY-SchariHn  effect;  PLATE  charge 
(French);  PROPULSION  by  shaped  charge 
detonation 

PRO JEKTILLADNINGAR  'LOCO 
PROPULSION  by  shaped  charge  detonation  L42, 

L43,  L48,  L1GB8,  L114G,  L1370,  L1603  neg.alnn 
ACCELERATION  of  solid  object  by  shaped  charge 
detonation;  DISC  charge;  MIoZNAY-Schardln 
effect;  PLATE  charge  (French);  PROJECTION  of 
disc 

PROTECTION  L70,  L228,  L3G9,  L500,  L557,. 

L884,  L600,  L5G7,  L573-L&75,  L5R4,  L704,  L721, 
L1117,  LllSl-Lliea,  L1371.  L1413,  L1448,  L1474, 

L1672  see  also  TARGET  material  _ _  __ 

PROTECTION,  chemical  compounds  for  L71,  L91, 
L93,  L169,  L507,  L022,  L942,  L943,  L979,  L993, 
L1050,  L1051,  L1055,  L1050,  L11B5,  L1108,  . 

L1401 

PROTECTION,  explosives  for  L91,  L284,  1.349, 

L360,  L370J,  L37t,  Lb97,  LC04,  L622,  L942,  L993, 
L1166,  LI  107 

PROTECTION,  glass  for  L2B4,  L305,  L357,  ..367, 
L370j  L443,  L485,  L487,  LS82.  L60,J.  L622. 
L1046-L1051,  L1053-L1068,  L1058-L1061,  L1053- 
L1O05,  LI  167 

PROTECTION,  gravel  for  L93,  L3tv,  L48j,  L084,  ■ 
L1OS0  L1052,  L1053.  L1055-L1058,  L1060, 

LI 001,  L1064,  L1345,  LI  MO,  L1568 

PROTECTION,  lee  for  LI  050 

PP.OTECTION,  magnetic  field  for  Liuai,  LUias, 
L1054,  L1O50-L1C01,  L1004  '  '  . 

PROTECTION,  mattresB  for  L&3 
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PROTECTION,  plastic  armor  for  LSI,  L17B,  L349, 
L544,  L547,  L555,  L556,  1.558,  L561,  L56Z, 
L5G8,  L569,  L622,  L6?4,  L942,  L993,  L1047, 
L104S,  L1052,  L1053,  T,1055-L10b7,  L1059, 
L1061,  L1062,  L10G4,  L1165,  L1373,  L1450, 
L1560,  L1504,  L15G0 
PROTECTION,  rubber  for  L1059 
PROTECTION,  sand  for  L349 

PROTECTION,  screen  for  L622.  LC03,  L991-L993, 


uue 

PROTECTION,  shaped  charge  lor  see  PROTEC11ON, 


explosives  for 

PROTECTION,  skirting  plate  for  L209,  LG22,  L682, 
LG83,  L1023,  L-111T,  L11I8,  L1425,  L142G, 

1.1566 

PROTECTION,  spaced  Armor  for  L93,  L28S,  L349, 
L558,  L576,  L577,  L500,  L622,  L645,  L998, 
L1449 

PROTECTION,  spikes  for  L93,  L284,  L364,  L570- 
L572,  LG22,  L6B6,  L766,  L372,  L9E3,  L1373, 


PROTECTION,  steel  armor  lor  L357,  L367,  L544, 

•  LS22,  L1054,  L1276,  L1530 
PROTECTION  of  concrete  forllficatlons  L54E-L552, 
L584,  LI 545,  L154S 

PUGH  theory  L546,  L553,  L5S0,  L581,  LCOO,  LI057 
see  also  JET  formation  theory 
PULLEY  charge  L1493 
PUPPCHEN  L224,  L660 


RACKETENPANZEP-BUCHSE  see  PANZEREtfCHSE 
RADIOGRAPHY  L56,  L584,  LESS 
RADIOGRAPHY,  apparatus  for  L55,  L277,  L308, 
L318,  L358,  L3G1,  L375,  L376,  L653,  L059, 
L12D5  see  also  PHOTOGRAPHY,  apparatus  for 
RADIOGRAPHY  oi  base  flar.ge  effect  L252 
RADIOGRAPHY  of  collapse  L219,  L247-L250, 

L256,  L2G3,  L274,  L277,  L341,  L358,  L361, 

L375,  L376,  1653,  L83B 

RADIOGRAPHY  of  controlled  fragmentation  L245, 
L861 

RADIOGRAPHY  of  detonation  L55,  L57,  L183, 

LG  59 

RADIOGRAPHY  of  detonator  L260 
RADIOGRAPHY  of  explosives  L532,  L1455 
RADIOGRAPHY  of  fuze  L154,  L261 
RADIOGRAPHY  of  liner  LIBS,  L194,  L341,  L532, 
LB64,  L1398,  L1403 

RADIOGRAPHY  of  nonrotating  charge  L3t0 
RADIOGR/iPHY  of  penetration  L57,  L261,  L381, 
L722 

RADIOGRAPHY  of  rotating  charge  L260,  L267, 

L277,  L309 

RADIOGRAPHY  of  rotation  L2BG,  L2G7,  L277,  L309 
RAILWAY  demolition  see^  FOUNTAIN  charge^ 
RELEASE  wave  theory  Lo33,  L446,  L455,  L458, 
L164,  L467,  L470,  L475,  L483,  L484,  L488- 
L490,  L490 

RIFLE,  Battalion  Antitank  L237,  L298,  L306,  L324, 
L1000-I.i045 

RIFLE  grenade  (Argentinian)  L1J7J 

RIFLE  grenade  (French)  L1205,  1.1648,  L1840 

RIFLE  grenade  (German)  L226,  L1089,  L1174. 

L1347,  L1621,  L1622,  L1659 
RIFLE  grenade  (Japanese)  L775,  L1065,  L1138, 
L1614,  L1023 


O 


RIFLE  grenade  (US)  T.,29B,  L734.  L7G8,  L875,  ...  • 

L891,  L899,  L116I,  L1355,  L1449 
RINEHART  effect  see  VAPORIFIC  effect  •  . 

ROCKET  (British)  L22,  L102,  L217,  L232,  L2r.fl,  .  . 

L11B7,  L1189,  L1418,  L1419. 

ROCKET  (Chinese)  L108,  L311,  L747,  1,1460-1.1463, 

L1482 

ROCKET  (French)  L238,  L311,  L720,  L766,  L143S  . 
ROCKET  (German)  L224,  L243,  L657,  L658,  LC62, 

L-luol.  L10D3,  L1417,  L1435,  UL443,  L1477 
sc*  also  FANS  ERFAUST ;  PAN7.ERSC HRECK;  etc 
ROCKET  (Hungarian)  LI654  i  .-.m 

ROCKET  (Japanese)  LZ42,  L1468  .  •  ••  -■  ,•.< 

ROCKET  (Russian)  L7Q3  ■  -..■.‘.jr, 

ROCKET  (Spanish)  L233  :  f, T 

ROCKET  (Swiss)  L366,  L370n,  L757,  L1311,  L1313,. i 
L.1315,  L1318  .i  !,j 

ROCKET  (US)  2.  36  In.  LK>3,  L257,  L258,  L273,  : 

L.291,  L292,  L294,  L297,  L307,  L349,  1, 70V. 

LtlZ,  L743,  L876,  LGB4,-Le87,  L890,  LS93,"  •  '  - F  : 
L972,  L9B1,  L982,  L1161.  14487,  L1479,  L1634, ,\i 
L1639  ’ 

SOCKET  (US)  2.36  in. ,  winter  lestn  on  LI3,  L739  ~r\ : 
ROCKET  (US')  2.75  in.  L3G6,  L7S7,  L1236,  L1324r 
L1357,  L1480,  14490  •  OV: 

ROCKET  (US)  3.  5  in,  L238,  L288,  L291,  L292,  ■: 

L294,  L297,  L304,  L307,  L311,  L349,  L351,  . '■  ■ 

L?57,  L3C0,  L371,  L705,  L708,  L714,  L715, 

L7I8,  L721-L723,  L735,  L736,  L759,  L763,  i.  :  ! 

L769,  LI003,  L1120,  L11G2,  L1486,  14487,  la  : 

L1491,  L1C29,  L1635  - 

ROCKET  (US)  5  in.  L1331,  L1335-L1338,  L1341,  •  :7.l 
L1342,  L1348  .  .  •  '  ' 

ROCKET  (US)  6.  5  in.  L293,  L351,  L1302,  Ll307f:  :  '  hT- 

L1308,  L1317,  L133Q 

ROCKET  (US)  6.8  in.  L286  •- 

ROCKET  (US)  M6A3C  see  ROCKET  (US)  2.  36  In.; ; 

ROCKET  (US)  M28A2  see  ROCKET  (US)  3.  5  in,. 

ROCKET  (US)  T59  see  ROCKET  (US)  2.36  in.  "  j 2 
ROCKET,  antitank  aircraft  L1D2,  L232.  L286,  ~J ,J 
L293,  L351,  L3C6,  ,L370n,  L745,  L757,  LI 23 6,.  , 

L1302,  L1307,  L1303,  L1311,  L1313,  L1315,  ‘  ‘ ’ 

14317,  L1318,  L1418,  L1419  .  *  "II  U.  m 

ROCKET,  Heller  see  HELLER 

ROCKET,  Misziny-Scharubt  effect  lii  warhead  oil. |  ..  ii...  ‘ 
L10BG,  L1091,  L1092  ...  "  J; 

ROMUN  charge  see  CUTTING-tube  charge 
ROTATION  LZOrfTi^Oa,  L209,  L340,  L369,  L370g,’  ‘  ' 

1,408,  L421,  L449,  L462,  1.476,  L477,  L523, 

L524,  L621,  L63B-LG40,  L660,  L957,  L972,' ' 
L1022,  L1067,  L1.143,  L1186,  L1375,  L1483  . ; 
ROTATION,  dispersion  by  L266,  L267,  L277,  L517,  (..  q 
L1385  sec  also  DISPERSION  of  rotating  charge  t  ..[L, 
ROTATION,  jet  formation  during  see  JET  forma-  ^ 
tion  in  rotating  charge  ■  •  ■ 

ROTATION— penetration  relationship  L209,  L370g, 

L523,  L524,  L533,  L1024,  L1215,  L1216,  L1400 
ROTATION  comoensalion  1.106,  L209,  L2C9, 

Li7(Ji,  L524,"  L639,  LG58,  L774,  L1901,  L1007,  , 

LI  021,  LI  601  . -  ,  : 

ROTATION  compensation  by  double-body  projectile 
L319,  L327,  L3?',  L379I,  L1019,  L1024,  L1036, 

L1045,  L1074,  L117C-L1.172,  L1177,  L1178  ■  v 

ROTATION  eompensa'ion  by  fluted  liner  L319,  •,.;i  ; 

L331,  L334,  L370i,  L449-L452, ,  L4G0,  >161,  j 
L563,  L47S,  L478-L461,  L436-L490,  L502,[ 

L595,  L511,  L512,  L616-L621,  L635-L637,r;T;ViLO}tK 
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ROTATION  compensation  by  fluted  liner  (cont. ) 

L639,  1640,  L1011,  L1013;  L1015,  L1D19, 

L1039,  L1654 

ROTATION  compensation  by  offset  liner  1.533, 

L969,  L980,  L983,  L1G03,  L1408 
ROTATION  effect  on  apex  angle  L524 
.  ROTATION  effect  oa  explosive  charge  L387,  L524. 
L1216 

ROTATION  cNect  oa  fuze  Li85,  L140B 
ROTATION  effect  on  Jet  velocity"  1534 
ROTATION  effect,  oa  lined  charge  L270,  L277.  L38I, 
L383,  L533,  L961,  L9S4-L967,  LS69-L97I, 

L1076,  LI 2 12,  L1406 

ROTATION  effect  on  shell  L77,  L524,  LCB3,  11147, 
L1154,  L1408,  L14I1,  L1423 
ROTATION  erffect  on  slug  L1013,  L1247,  11380 
ROTATION  speed --penetration  depth  relationship 
L319,  L370K,  1450,  L152,  L4G1,  1621,  L3016, 
L1027,  L1030,  11023,  L1043,  LJ044,  L1047,. 
L124R.  LI 247 


5-rninc  (German)  L1078 

SS10  (French)  L345,  L770,  11571,  11572,  L1C11,  L1637 
SCABBING  L1297,  L1305 

SCALING  see  BOMB.  scaling  of;  UNER,  scale  law 
for;  PENETRATION,  scale  law  lor;  SHAPED 
charge,  scaling  of;  f.iNDERWATER  penetration, 
scaling  of 

SCATTER  bomb  see  BOMB,  antisubmarine  scatter 
SCHLIEREN  photography  L403,  L1508 
SCHULMANN  projectile  L243,  L1424 
SEISMIC  exploration  by  shaped  charge  L398,  L114Q 
SEN  SB!  Baku  L1349 

SEPARATION  of  charge  and  liner  L534,  LS37,  1973, 
L979,  L1378.  11477  ... 

SKADOWGRAPHY  L951,  11271'  : 

SHAPED  charge,  Ml  L4,  186B,  1900,  L913,  1915, 
L918,  L92G,  L1401,  L1498,  11657 
SHAPED  charge,  M1A1  L4,  11498 
SHAPED  citarge,  M1A2  L4,  L1496  '  \  .  ' 

SHAPED  charge,  M2  L4,  L856,  L057,  1886,  1880, 

I  CIO,  1911,  1913,  L910,  L1496,  L1B41,  11657 
SHAPED  charge,  M2,  explosives  In  1803,  JJ104, 

La80,  114G0 

SHAPED  charge,  M2,  winter  tests  on  LJB10,  11648 
5HAPED  charge,  M2A1  1880,  LIG57 
SHAPED  charge,  M2A1,  winter  tests  on  L699 
SHAPED  cliarge,  M?.A2  L880 
SHAPED  cliarge,  M2A3  L429,  1180,  L99D,  L1344, 
L1457,  LI  657 

SHAPED  charge,  M2A3,  winter  testr?  on  L239, 

LG  54,  1922 

SHAPED  charge,  M3  L107,  1109,  1429,  L698, 

L8?8,  L912,  1917,  11244,  11344,  L1457,  L1656 
SHAPED  cliarge,  M3,  winter  tests  on  L239,  L654, 
L699,  L922,  11610,  11040 
SHAPED  charge,  M6A3  L696,  11467  sec  also 
ROCKET  (OS)  2.36  in. 

SHAPED  charge,  M6A3,  winter  tests  on  L654,  1699 
SHAFED  charge,  M9A1  11161 

SHA.PED  charge,  M9A1,  winter  tests  on  1054.  1699 
SHAPED  charge,  T3  see  SHAPED  charge,  M2 
SHAPED  charge,  inverted  see  CUTTlNG-tubi. 
charge 

SHAPED  charge,  large  L70,  L71,  LS12,  1917,  11405. 
L1598,  L1664 

SHAPED  charge,  Mb  1  L415,  L1351 


SHAPED  charge,  Mk  2  lv4tS,  L934,  1935,  1938 
1940,  LI312,  L1350,  L1438  • 

SHAPED  charge.  Mb  3  1U5,  L13Q9,  11316 
SHAPED  charge,  scalmg  oi  1123,  L205,  L253,  1270, 
L445.  1447,  1833,  L634,  1920,  1928,  1955, 
L958-L962,  L9G4,  1900,  1974,  L1044,  L1045, 
L1286,  L139D,  11529,  11549 
SHAPED  charge,  '’Rlens"  form  of  11677 
SHAPED  charge  for  SAP  bomb  see  BO 3113,  SAP, 
shaped  charge  assisted  -  .  . 

SHAPED  charge  manual  11303 
SHAPED  charge  process,  mathematical  analysis 
of  L79,  L94,  1334,  1370b,  1370h,  U95,  L465, 
L489,  L507,  1509,  1510,  1592,  L62S,  L82B, 

1778,  L1067,  11120,  L1495 
SHAPED  charge  research  (British)  13.  L21,  L33, 
L63,  L74,  L78,  1117,  1150,  L157,  1172,  L208, 
1207,  L214,  1232,  L326,  1779,  LS15,  L919, 
11143,  11136,  L1397,  11411,  L1557 
SHAPED  charge  research  (Canadian)  11237,  11238, 
LI  557 

SHAPED  charge  research  (Czechoslovakian)  L437 
SHAPED  charge  research  (German)  L15,  L214, 
L373-L379,  L381,  1383,  13U4,  1369-L392,  ■ 

L399,  L406-L409,  L647,  L655-LC61,  LSC3, 

1GG4,  LGB3,  1985,  L10GG,  L10G9,  L1077,  11073, 
L1083,  L108G,  L1C87,  11213,  11347,  L1352, 
11360-L1362,  LJ364,  11365,  11376.  L1370, 

L1475,  L1498,  L1673,  L1S74,  11676 
SHAPED  cliarge  research  (Japanese)  L1198,  LI 3 48. 
L1378 

SHAPED  charge  research  (Russian)  LI  603,  L160# 
SHAPED  charge  research  (US)  LG2,  LI60,  L214, 
L290,  L479,  L817,  L871,  L1287,  11290,  L1291, 
L1557 

SifAPED  charge  symposium  L369,  L12S3,  11371 
SHAPED  charge  theory  L312,  L437,  L594,  1820, 
LVC8,  L91B,  1920,  1929,  11121,  L1215,  11210, 
11375,  11433,  L1G04,  11G08,  L1609  see  also 
JET  formation  theory 
SHAPED  charge  trajectory  19G,  L1273 
SHELL  (general)  L1426  see  also  FOLLOW-through 
shell;  INITIATION,  shell  useeffor;  ROTATION 
effect  on  shell 

SHELL  (British)  L77,  L204,  L681,  L12C9,  L1211, 
L1394,  L1398,  L14U,  L1416,  11422,  L1423 
SHELL  (Finnish)  1234 

BUELL  (German)  L75,  L119,  L121,  1122,  1129, 
L130,  L133,  L167,  L181,  L188,  L190,  L1B2,  . 

L195,  L106,  1198,  L200,  L225,  1543,  L263, 

L382,  1388,  L402,  L640,  LOGO,  L665,  11068, 

LI 07 3,  Li079,  L1080,  11089,  11091,  L1147, 
L1175,  L1183,  L.  1192,  L1212,  L1213,  L1363, 
L1394,  L1407,  L1410,  11424,  L1425.  L1442, 
L150G,  L1601,  L1602,  1,1612,  L1615-L1620, 
L1C24,  L1625,  L1651,  11G52,  L1663,  L1067, 
L1G63,  LI 670  ■  ■ 

SHELL  (Hungarian)  L927 

SHELL  (Italian)  L75,  L120,  L121,  LU88,  11407  . 
SHELL  (Japanese)  L413,  L77R,  L1140,  L1198, 

11440,  L1444,  L1624,  L1C71 
SHELL  (Russian)  1234,  L3U,  L370m,  L700,  LP87, 
L14G2.  11465 
SHELL  (Swedish)  L234 

SHELL  (US)  12 4 C,  L203,  L3701.  1972,  L1095, 

L1154 

SHELL,  HEAT  L370k,  13701,  L1209,  114G2,  11308, 
see  also  BOMB,  HEAT;  FROJECTILE,  HEAT 
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SHELL  disposal  by  shaped  charge  see  BOMB 
disposal  by  shaped  charge 
SHOCK  waves  L59,  LG 5,  LI 20,  L354,  L405,  LC07, 
L625,  L655.  L943,  L12B9,  L1298,  L1497,  L1535 
see  also  DETONATION  waves 
SHOCK  waves,  collision  ol  L01 
SHOCK  waves,  interaction  ol  L275,  L278,  L491. 
L623,  L824,  L634,  LI  139,  L115S.  L1307,  L15B3, 
L100B 

SHOCK  waves,  jet  formation  theory  of  L1C0,  L278 
L518,  Hl39,-L1230,  L1270,  L1367 
SHOCK  waves,  luminosity  of  LI570-LI578,  L16S0 
L1583 

SHOCK  waves,  melting  or  liner  by  L50 
SHOCK  waves,  velocity  of  L23,  L943,  L946,  L1129, 
L1E80  see  also  BLAST  velocity 
SLAGLADbNINGAR  LS3fi 
SLUG,  velocity  distribution  In  LGfiB 
SLUG  characteristics  L441,  L527,  L761,  L1072, 
1*1445 

SLUG  formation  L95,  L341,  LESS,  L694,  L605. 

L650,  L856,  L871,  L904,  L907,  L1445 
SLUG  formation  theory  see  JET  formation  theory 
SLUG  recovery  L4G0,  L3tft,  L520-L528,  L598, 

L1445  I'9Zl5,  LC3C’  L9D9'  L1005,  LI323»  L1330, 

SLUG  velocity  L23,  L50,  L194,  L940,  L947,  L1402 
SLUG  weight — liner  thickness  relal  lenship  see 

thl«ness-slug-  •, eight  reiatTonshir 
SPALL  see  FRAGMENTATION 
SPALL  theory  ol  Jet  formation  L160,  L770,  L90B, 
1/1367 

SPALLING  L168,  L171,  L453,  L625,  LS56,  L1138 
L138I,  L13Q2  ' 

SPALLING,  theory  of  L770.  L777,  L817.  L859.  L-309 
Li3i>6  ’ 

SPARK  klnematography  L1508 
SPARK  photography  L1192,  L1500,  L1576 
SPECTROSCOPIC  analysis  L377,  L379,  L12G8 
L1277 

SPECTROSCOPIC  photography  L379,  L3B1 
SPIGOT  grenade  (German)  L1178 
SPIGOT  grenade,  T?,l  L875,  L900 
SPIGOT  grenade,  T30  L888 
SPIN  see  ROTATION 
SPITBXCK  fu:ie  see  FUZE,  spltback 
STANDOFF  L49,' "17161 .  L172,  L204,  L205,  L374, 
L42!,  L458,  L318,  L652,  L702,  L784,  L358 
L8o0,  L878,  L9'0,  L928,  l947,  L10G7,  L1123 
LI  602 

STANDOFF,  effect  of  on  spalling  L168 
STANDOFF,  explosive  composition  effect  on  L805 
LD06  * 

STANDOFF— hole  volume  relationship  L500,  L595 
L6Q2 

STANDOFF,  large  L134,  L279,  L329,  L023,  LC31. 
L637,  L1255,  L1283,  L1309,  L1314,  L1316,  L1323 
H327,  L132B,  L1355,  L1357,  L1549,  L1550 
L1663,  L1664 

STANDOFF—ltner  material  relationship  see 
LINER  material— standoff  relationship 
S3  ANDOFF,  optimum  LB,  L9,  L436,  L483,  L409 
11018,  L1O40,  L1213 

STANDOFF— penetration  depth  relationship  L47. 

L187.  L197,  L202,  L264,  L342, 

L434,  L444,  L470,  LS25,  L5G0,  L5C5,  L575, 

L578,  L581,  L592,  L505,  L933,  L983,  LI  002. 

LI038,  L3040,  L1043,  L1044,  L118I,  L1255, 

Li259,  L1C51,  LI 676 
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STANDOFF  of  bomb  L535k  L1239 
STANDOFF  cf  linear  charge  L519,  L803,  L 862, 

1/961 

STANDOFF  of  rocket  L399,  L870,  LB84,  L89S 
STANDOFF  of  rotating  charge  L524,  L533,  L967  ' 
L1403 

STANDOFF  pedestal  L241,  L888  '  • 

STANDOFF  shortened  by  Internal  cavity  L123G 
STICK  bomb  see  MUZZLE -stick  bomb  {German) 
STICKY  grcnaac  (German)  L180,  L193 
STIELGRANATE  see  MUZZLE-otick  bomb  (German) 
STOOK  see  LINEAR  charge 
STRIP  charge  see  LINEAR  charge 
SYMMETRY  L337  L128,  L134,  L204,  L205,  L330. 
L370c,  L421,  L601,  L534,  L588,  L597-LGO0,  " 
L607,  L028,  LI  143,  L1245,  L1373,  L1375,  L1633, 
Li677  see  also  CKAHGE  consistency;  CHARGE 
imperfection;  LINER  alignment;  LINER  Imperfec¬ 
tion;  LINER  symmetry;  PERFORMANCE 


L,  ,  .  5gg  -  Ki  LOSIVE3,  target- synthesized 

TA  bomb  see  BOMB,  multijet  {Japanese) 

TANK,  vulnerability  of  L22S-L230,  JL281,  L283.  ' 
L304,  L345,  L347,  L350,  L352,  L380,  L370k, 
L370o,  LG44,  L6B3,  L705,  L718,  L725,  L728, 
L745,  L757,  L759,  L763,  L992,  L3S7,  L99S, 
L1034,  L1117-L1119,  L1322,  L1324,  L1418, 

L1419,  L1427,  L1454  ,  . 

TARCET,  absorption  of  Jet  kinetic  energy  la  L124Q, 

TARGET,  aluminum  L395,  L343,  .LE33  -L722 
L1055,  L1064  .  '  h 

TARGET,  back  surface  effect  of  L540,  L1321  srenlsc 

FRAGMENTATION  behind  target  - 

TARGET,  Formica  L1053,  L10G2,  L1O04,  L1105" 
TARGET,  t'lass  L305,  L357.  L367,  L370J,  L433.  . 
L443,  L485,  L4B7,  L5C0,  LfC3,  L502,  L590,  . 
L594,  L598,  LG04,  LS25,  L15B1.  ' 

TARGET,  homogeneous  steel  plate  L673  1  725  , . 

L734,  L741,  L740  '  ’’ 

TARGET,  lead  L1573  .  r*;[-  1 

TARGET,  magnesium  L1257'  .  : " 

TARGET,  metallurgical  examination  of  L22.  LSI 
L34,  L1010,  LI  574  ‘  ' 

TARGET,  mild  steel  L342,  L1046-L104B.  L1050 
M053-L1O56,  LI058,  L1059 
TARCET,  silicon  L1082,  L10S4  :  3  1 

TARGET,  slopping  power  of  L49,  L370J,  L487.  ' 
L500,  L503,  L599,  L388,  LE90,  L592,  L594,  ' ' 
L596,  L625,  L929,  L1057,  L1059  '  ■  ' 

TARGET,  titsrdum  L370j,  L500,  L503 
TARGET,  zirconium  L1056,  L1004 
TARGET  damage  LI,  L32,  L91,  L123,  L148,  L16G, 
L169,  L171,  L172,  L174,  L221,  L32S,  L329, 

L403  L805,  L811,  LD94,  L1301,  L1310,  L1319, 
Li3-.,  L-1427,  L.bii?  »ee  also  FRAGMENTATION 
behind  target  ” 

TARGET  density  effect  on  penetration  L65,  L15D  ' 
L302,  L305,  L5B6,  L592,  L1057,  L1059 
TARGET  material  L3S7,  L487,  L564,  L565,  L577 
L604,  L675,  L645.  L704,  L952,  L953  see  also 

PROTECTION  - 

TARCET  material- -penetration  relationship  L65  " 
L363,  L4G8,  L955,  L10O5,  L1032  ” 

TARGET  reaction  L907,  L1475 
TARGET  strength  effect  on  penetration  L171  LI 84 
L202,  L929  '  * 

TARGET  temperature  L365,  L954,  L1389 
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TARGET  thickness- -penetration  time  relationship 
L54D 

TARGETS,  spaced  L63,  LI  10,  L137,  L145,  L226, 
L420,  L577,  L371,  L1C80,  L1412-L1414  see  also 
PROTECTION,  spaced  armor  for 
TAYLOR-Birkhoff  theory  see  HYDRODYNAMIC 
theory  of  Jet  formation 

TEE  L1010,  L1014,  L1016-L1018,  L1028,  L1034, 
LI035,  L1D37,  L1040,  L1G41 
TROUGH  charge  L25G,  L1203,  L1207  see  also 
LINEAR  charge 

TUBELESS  cannon  see  MISZNAY-Schardln  effect 
TUCK-Taylor-Birkhoff theory  see  HYDRODYNAMIC 
theory  of  Jet  formation 
TUNNEL  charge  see  LINEAR  charge 


UNDERWATER  cutting  see  UNDERWATER  linear 
charge 

UNDERWATER  demolition  charge  L680,  L773,  L1503 
UNDERWATER  detonation  L391,  L648,  LB70 
UNDERWATER  linear  charge  L429,  L1044,  L164S 
UNDERWATER  penelraticn  L33,  LAO.  L49,  L142, 
L419,  L531,  L647,  L681,  L771,  L70C,  L814, 

LS27,  L847,  LS49,  L854,  L947,  L940,  L652- 
L957,  L961,.  L9B3-L9G5,  L979,  L1241 
UNDERWATER  penetratlor,--apea  angle  relationship 
L852 

UNDERWATER  penetration,  formula  for  L163 
UNDERWATER  penetration,  measurement  of  L950 
L951 

UNDERWATER  penetration,  scaling  of  L420,  L799- 
•  L8Q1,  L832-L839,  L847,'  L852,  L958-L960, 

LS64,  L9G8,  L1375,  L1399 
UNDERWATER  penetration  Increased  by  standoff 
L37,  LI 503,  L1647 

UNLINED  charge  L248,  L250,  L374,  L518,  L522, 
LG75,  L852,  L949.  L1472,  Li502  see  also 
DEMOLITION  charge 


* 


V 


VALENTINE  charge  L1355 
VAPORIFIC  effect  L329,  L1280,  L1289,  L1301, 
L1312,  L1314 

VELOCITY  see  BLAST  velocity;  DETONATION 
velocity;  FRAGMENT  velocity;  JET  velocity; 
PENETRATION  velocity;  PROJECTILE  velocity 
from  Mlsznay-Schardln  effect;  SLUG  velocity 
VELOCITY,  emergent  L182 
VELOCITY  distribution  L95,  L177 
VELOCITY  gradient  L95,  L177,  L454,  L483,  L60B, 
L132B 

VON  NEUMANN  theory  L5I8,  LU39 


WALL  thickness  see  LINER  thickness 
WARHEAD  L128S 


WARHEAD,  guided  mic  elle  (general  and  US)  L99- 
LIOI  Lilt,  LI  12,  L275,  LZ7C,  L427,  L440, 

L440,  L459,  1-472,  L473,  L475,  L434,  LB08, 

L610,  L312-L614,  L629-LG34,  L6G6-L674,  L1169, 
L1328,  L1334,  L1390,  L1448,  H571 
WARHEAD,  guided  missile  (French)  L345,  L770, 
1-1448,  LI  572,  L1637 

WARHEAD,  guided  missile,  vulnerability  of  L27S 
WARHEAD,  rocket  1-82,  L217,  L307,  L08J,  L708, 
L7l2,  L983,  L114G.  L1189,  L1307,  L1317,  L13J5- 
L1339,  L134S,  L144S,  L1480,  L1490,  LIB34, 

L1639 

WARHEAD,  torpedo  (general  and  US)  LS02,  L803, 
L806,  L81S,  L047,  L85C  L12f»5,  L126B 
WARHEAD,  torpedo  (British)  L14,  L1647 
WARHEAD,  torpedo  (German)  LI 3 47 
WARHEAD,  torpedo,  Mk  13  Lit! 

WARHEAD,  torpedo,  Mk  V.  Mod.  I  L414,  L807- 
L2H,  L816,  L841-LS43,  L845,  L846,  LS48, 

LS51,  L854 

WARHEAD,  torpedo,  Mk  13  Mod.  2  L414 
WARHEAD,  torpedo,  Mk  13  modified  L419,  L420, 
L804,  L905,  L810,  L1369,  L13e9,  H374 
WARHEAD,  torpedo,  M  10  Mod.  1  L419,  L810, 

1-811,  L816,  L8-U,  L342,  L854 
WARiioAD,  torpedo,  Mk  17  L3G7-L31i,  L343, 
WARHEAD,  torpedo,  Mk  25  Mod.  1  L293 
WEAPON  using  shaped  charge  effect  (general)  L75, 
L369,  L370d,  L41G,  L1183,  L1371,  L1301 
see  also  MISZNAY-Schardln  effect;  SHAPED 
charge  research 

WEAPON  using  nliaped  charge  effect  (Australian) 

L1390 

WEAPON  using  shaped  charge  effect  (Belgian)  L394 
WEAPON  using  shaped  charge  effect  (British)  LI, 

L3,  LI4,  L117,  L237,  L422,  L7I7,  L1180,  L1193. 
L1DJ4,  L1373,  L1391,  L1411 
WEAPON  using  shaped  charge  effect  (Bulgarian) 

L1589 

WEAPON  using  shaped  charge  effect  (French)  L424, 
L717,  L1177-L1179,  L1199,  L1390 
WEAPON  using  shaped  charge  effect  (German) 

Ll,  L3,  L226,  L4IG,  L423,  L579,  L647,  L664, 
L107B,  L1008,  L1089,  L1091,  L1092,  L1188, 

L1347,  L1373,  L1378,  L1379,  L1458,  L14S9, 

L1652,  L1653 

WEAPON  using  shaped  charge  effect  (Italian)  LS, 

L416,  L424,  LI  199,  L1243 
WEAPON  using  shaped  charge  effect  (Japanese)  L3, 
L41G,  L425,  Ld79,  L1065,  L1140,  L1349,  L137I, 
L1378,  L1429 

WEAPON  using  shaped  charge  effect  (Russian)  L1593 
WEAPON  using  shaped  charge  clfect  (Swiss)  L119G 
WEAPON  uoing  shaped  charge  elfect  (US)  Ll,  LI, 
Llll,  Lllz,  L237,  L307,  L414,  L420,  L579, 
L6E6-L674,  LG93,  L1200-L1202,  L1373,  L1375, 
L1290 

WIZARD  warhead  see  WARHEAD,  guided  missile 
WURFPANZER  grenade  L401 


X-ray  flash  photography  see  FLASH  radiography 
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